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POTENT I MMU NO STIMULANTS FROM MICRO ALGAE 
CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority from United States Provisional Application Serial 
No. 60/217,001, filed July 10, 2001, the contents of which are incorporated by 
5 reference herein. 

FIELD OF THE INVENTION 

The present invention relates to a method for the extraction of 
immunasflmuJatory polysaccharide preparations from food-grade microelgae. It 
further relates to the identification of the structurally complex immunostimufatory 
. 10 water-soluble polysaccharide preparations isolated from food-grade microalgae 
containing active polysaccharides having an apparent molecular weight above 2 
million daltons. It also relates to methods for the treatment and/or prevention of a 
variety of disease conditions using the preparations of this invention, 

BACKGROUND OF THE INVENTION 

15 During the past three decades immunotherapy has become an important 

approach for treating human diseases and conditions through the use of 
regimens designed to modulate immune responses. This Is particularly important 
in pathological conditions where the immune system becomes compromised. 
Studies conducted in disease models and clinical trials demonstrate that 

20 augmenting host defense mechanisms is useful in treatment and prophylaxis 
against microbial infections, immunodeficiencies, cancer, and autoimmune 
disorders (1 - 5). Immune enhancing protocols may also have utility for 
promoting wound healing. In the process of wound healing, macrophages exhibit 
a principal role by modulating cellular proliferation and new tissue 
25 formation/regeneration- They also function as- phagocytes, debridement agents 
and produce growth factors that influence the angiogenests stage of wound repair 

Historically, the first immunosfimulants developed were bacterial products 
(lysates and crude fractions), attenuated microbes or heat-Wiled bacteria* These 
30 included agents such as bacflle Calmette-Guerin (BCG). Corynebacterium 
parvum. and lipopolysaccharide (1, 2). Although these agents have had limited 
success due to toxicities and side-effects, many have been licensed by the USDA 
for immunomodulation in veterinary medicine (3). Other substances have been 
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developed from various sources and indude those of natural origin, those derived 
by chemical synthesis or those synthesized using recombinant technologies. 
Most immunostimulants of natural . origin are high molecular weight 
polysaccharides, glycoproteins or complex peptides (1). For example, three 
5 fungal polysaccharides derived from Schfzophyflum commune (schfzophyllan), 
L&ntinus edodes (lentinan) and Coriolus versicolor (krestin) are currently in 
clinical use fn Japan as biological response modifiers (4). Another 
polysaccharide, acemannan (isolated from Aloe vena), is licensed by the United 
States Department of Agriculture for the treatment of fibrosarcoma in dogs and 

10 cats (7). There are a few small molecular weight Immunostimulants derived from 
natural products such as the glycospbingolipid KRN-7000- A dinical trial using 
KRN-7000 as an immunostimulant for treatment of solid tumors is currently in 
progress (8). Several immunostimulants of synthetic origin also have been 
developed that indude compounds. Rke isoprinosine and muramyf peptides (2). 

15 Recently a number of other immunomodulators of endogenous origin have been 
developed using recombinant technologies that have gained FDA approval. 
These agents include colony-stimulating factors, interferons and recombinant 
proteins (5). However, these compounds often have short hatf-Rves and it is 
difficult to determine optimal dosage and appropriate combinations. 

20 Although current immunostimulants show promise, there is still a need to 

develop more potent agents and increase the arsenal of available drugs for 
immunotherapy. One source of chemically diverse compounds that can be used 
for drug discovery of immunostimulants is natural products. For centuries natural 
products have been exploited as therapeutically useful agents, many of which are 

25 in dinical use today. Interest in natural products as a means to drug disco very is 
based on their unparalleled molecular diversity and rich spectrum of biological 
activities (9). 

Since andent times, mlcroalgae have been used as a nutrient-dense food 

source. Historical records Indicate that microalgae such as Splrutina platonsis 

30 wae^oonsumed by tribes around Lake Chad in Africa and by the Aztecs living 

near LaKo Texcoco in Mexico (10). During the last several decades there has 

been increasing interest in the commerrial production of food-grade microaJgae 

for human consumption and as feed for livestock. Among the various mlcroalgae 

that have been explored for their commercial potential Sphulsna spedes, 
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Ohforoffa species and Aphanizomenon f?os~aquaB (AFA) are three major types 
that have been successfully produced and are in widespread use. 

Both anecdotal reports and recent studies on the consumption of food- 
grade microalgae have reported enhanced immune function in both animals and 
S humans. Oral administration of ChloraUa pyrenordoss has been correlated with 
enhanced natural tflier cell activity (11) and granulocyte-macrophage progenitor 
cells (12) in mice infected wfth Listeria monocytogenes. Dietary Sphultna 
platensis increases macrophage phagocytic activity rn chickens (13) and 
Spirutina fusiformis exhibits chemopreventive effects in humans (14). Human 
10 consumption of AFA has been reported to produce changes In immune cell 
trafficking and enhanced immune surveillance (15). The active components for 
all these effects have not been conclusively established. 

Various compounds have been Isolated from the microalgae studied 
herein. A number of polysaccharides and glycoproteins from Chfor&tfa and 
15 SprruJina species have been charac te rized for their antitumor, antiviral and 
immunostimulating activity. In contrast no such compounds showing any 
biological activity have been isolated from AFA. 

A number of polysaccharides have been identified from Chlor&Ha species 
that possess biological activity. In U.S, PaL No. 4,533,546 an acidic 
20 polysaccharide was Isolated from CNoretta pymnofcfosa that exhibits antitumor 
and antiviral activity (16). The glycosyi composition for this polysaccharide was 
mostly rharnnose, with minor amounts of galactose, arabinose, glucose and 
glucuronic acid. Another polysaccharide, Isolated from marine Chforetia 
minutissima, reported in U.S. Pal No. 4,631,020, appears to have tumor growth- 
25 inhibiting effects. However, no molecular weight or glycosyi composition was 
reported (17). 

In U.S- Pat No. 4,786,496, the lipid fraction (glycolipid portion) of marine 
Chlowtta species displayed antitumor properties (18). Several glycoproteins 
have also been isolated from Chioreffa species. For example, U.S. Pat No. 
30 4,822,612 reported a 45,000 dalton glycoprotein that has anticancer effects (19). 
Various other glycoproteins (20-23) and glycerogfycoDpids (24) that may have 
immunopotentiating and antitumor properties also have been reported in the 
scientific literature. None of these compounds are polysaccharides. 

3 
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Several different types of polysaccharides that exhibit biological activity 
have been isolated from Spiruffna species. For example, the sulfated 
polysaccharide calcium spirulan inhibits tumor invasion and me t a st asis (25). 
Calcium spirulan (molecular weight 74,600 daltons) is composed of rh am nose 
5 (52.3%), 3-O-methylrhamnose (32.5%), 2,3-di-O-niethylrhamnose (4,4%), 3-0- 
methylxylose f4.8%), uronic adds (1 6.5%) and sulfate (26). 

U.S. Pat No. 5,585,365 discloses that an antiviral polysaccharide with a 
molecular weight between 250.000 and 300.000 daltons was isolated from 
Spitvfina species using hot water extraction (27). This polysaccharide is 
10 composed of rhamnose. glucose, fructose, ribose, galactose, xylose, mannose, 
glucuronic acid and galacturonic acid. A number of other low molecular weight 
polysaccharides that range between 12,600 and 60,000 daltons recently have 
been Isolated from Spirutina species (28-30). 

One way to determine immunostimulatory acGvrty is to use a biological 
"15 assay involving macrophages. Monocytes/macrophages are found in practically - 
every tissue of the body where they are critical in coordinating immune responses 
and numerous biological processes (31 ). They play a major role in phagocytosis, 
immune surveillance, wound healing, killing of microbes and tumor ceils, and 
antigen presentation to T lymphocytes (32). In cancer, macrophages mediate 
20 tumor cytotoxicity functions through the production of cytokines and other 
immune factors (33). In order for macrophages to play a major role in adaptive 
and innate immunity they must respond effectively to environmental agents by 
first becoming activated (34). Macrophage activation is mediated by 
proinflammatory transcription factors such as nuclear factor Kappa B (NF-kappa 
25 B). Such transcription factors then control and modulate the activation/ 
repression of an array of genes that mediate a variety of immune responses. 

In unstimulated macrophages, NF-kappa B exists as inactive heterodimers 
sequestered by inhibitory-kappa B (l-fcappa B) proteins within the cytosol. Agents 
that cause l-kappa B proteins to dissociate and degrade allow for the 
30 translocation of NF-kappa B dimers to the nucleus where they can activate 
transcription of downstream genes (35). Target genes regulated by NF-kappa B 
include proinflammatory cytokines, chemokines, inflammatory enzymes, 
adhesion molecules and receptors (36). 
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in this Invention a transcription factor based assay for NF-kappa B In 
human monocytes was used to guide extraction, isolation, characterization and 
development of immunqstimulatory polysaccharide preparations from food-grade 
microalgae. The polysaccharides of the present invention are both water soluble 
5 and soluble In aqueous ethanol solution unlike almost all other polysaccharides 
now available. 

SUMMARY OF THE INVENTION 

Novel water-soluble polysaccharide preparations having macrophage 
fmmunostimulatory activity and containing active polysaccharides having 
10 apparent molecular weights above 2 million daftons were isolated from 
Aphanfzomenon flbs-eguao (AFA), Chlorslla pywnoidosa, and Spirulfna 
platensis. The instant polysaccharide preparations are at least a thousand times 
more active for monocyte activation than polysaccharide preparations that are 
currently used clinically for Immunotherapy in cancer patients. 
15 According to one embodiment of the invention, immunostimulatory 

preparations are isolated from microalgae comprising polysaccharides 
extractable by a solvent comprising water or a mixture of water and at (east one 
lower aJkyl alcohol where the alkyl portion is from 1 to 4 carbon atoms and where 
the active polysaccharides have apparent molecular weights above 
20 approximately 2 million daftons. According to another embodiment, the 
immunostimulatory activity of the immunostimulatory preparation Is manifested by 
monocyte/macrophage activation. According to another embodiment the 
immunostimulatory preparation is extracted from the microalgae Aphanfzvm on on 
ffos-aguae. According to another embodiment, the immunostimulatory 
25 preparation is extracted from the microalgae Chlor&tfa pyrenofcfoss* According to 
another embodiment, the immunostimulatory preparation is extracted from the 
microalgae SpirvfJna ptetsnsis. According to another embodiment, the gfycosyJ 
components of the active polysaccharides of the immunostimulatory preparation 
are substantially comprised of mannose, glucose, rhamnose, galactose, fucose, 
30 methylated sugars and N-acetylated amino sugars. According to another 
embodiment, the glycosyf components of the active polysaccharides of the 
immunostimulatory preparation are substantially comprised of arabinose, 
galactose, rhamnose, glucose and methylated sugars. According to another 

5 
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embodiment the glycosyl components of the active polysaccharides of the 
immunostimulatory preparation are substantially comprised of rhamnose, 
glucuronic add, fucose, galactose and methylated sugars. According to another 
embodiment a pharmaceutical composition comprises any one of the previous 
5 immunostimulatory preparations and a pharmaceutical^ acceptable carrier or 
exapient According to another embodiment a dietary supplement comprises 
any one of the previous immunostimulatory preparations and an acceptable 
carrier or excipient for dietary supplements. 

According to another embodiment a method of enhancing immune 
10 function in an individual in need of such treatment comprises administering to 
said individual an effective amount of the pharmaceutical composition or dietary 
supplement According to another embodiment the Individual is suffering from a 
viral, bacterial or fungal Infection. According to another embodiment the 
individual fs suffering from cancer. According to another embodiment the 
15 individual Is suffering from an immune deficiency. According to another 
embodiment the individual is a human being. According to another embodiment 
the individual is an animal 

According to another embodiment a process to obtain a preparation from 
food-grade microalgae enriched for immunostimulatory polysaccharides, 
-2CL j^rjtprises tiie steps of: (a) producing an extract by extracting the microalgae 
with a solvent comprising water or a mixture of water and at least one lower alky) 
alcohol where the alkyl portion Is from 1 to 4 carbon atoms, wherein the alcohol 
concentration of the mixture ranges from 0-100% by volume at an extraction 
temperature of between about 4 degrees C to 100 degrees C; (b) optionally 
25 concentrating the extract to a small volume where a large volume makes a 
concentration step desirable; (c) precipitating the polysaccharide preparation out 
of the extract by precipitation means; (d) separating the precipitated 
polysaccharide preparation by separation means; and (e) washing the precipitate 
of (d) with 95% alcohol. According to another embodiment the alcohol used in 
3D the extraction process to obtain a preparation from food-grade microalgae 
enriched for immunostimulatory polysaccharides Is ethanoL According to another 
embodiment the alcohol used in the extraction process to obtain a preparation 
from food-grade microalgae enriched for immunostimulatory polysaccharides is 
methanol. According to another embodiment the alcohol used in the extraction 
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process to obtain a preparation from food-grade rnlcroalgae, enriched for 
immunostimulatory polysaccharides is Isoprqpanol or propanol. According to 
another embodiment the preferred alcohol concentration in step (a) is from 20- 
60%. According to another embodiment the preferred temperature of extraction 
5 is between 40 and 80 degrees C. According to another embodiment, the process 
is used to obtain a preparation enriched for immunostimulatory polysaccharides 
from Aphanizomenon ffos-aquaQ. According to another embodiment the process 
Is used to obtain a preparation enriched for immunostimulatory polysaccharides 
from Chlorefla pyrenidosa. According to another embodiment the process is 

10 used to obtain a preparation enriched tor immunostimulatory polysaccharides 
from Sptrvfina ptBtensis. According to another embodiment the concentration 
step (b) Is carried out (when needed) by evaporation of the solvent preferably 
under reduced pressure. According to another embodiment, the concentration 
step (b) is carried out (when needed) by freeze drying. According to another 

15 embodiment the concentration step (b) is carried out (when needed) by dialysis. 
According to another embodiment the polysaccharide preparation is precipitated 
in step (c) by the addition of ethanol to a final concentration of about 80% 
ethanol. According to another embodiment the polysaccharide preparation is 
prec ipi t ate d in step (c) by cooling the extract According to another embodiment 

20 the polysaccharide preparation is precipitated in step (c) by the addition of a salt 
According to another embodiment the salt is ammonium sulfate. According to 
another embodiment the precipitated polysaccharide preparation is separated in 
step (d) by filtration. According to another embodiment the precipitated 
polysaccharide preparation is separated in step (d) by centrifugation. According 

25 to another embodiment the precipitated polysaccharide preparation is washed In 
step (e) by 95% ethanol. According to another embodiment the process further 
comprises purifying the precipitate by dissolving the precipitate in water and 
removing substantially all components of less than approximately 100,000 
dattons molecular mass by ultra-filtration. According to another embodiment the 

30 process further comprises purifying the precipitate by dissolving the precipitate in 
water and removing substantially all components of less than approximately 2 
mil/ion dattons molecular mass by size exclusion column chromatography. 

According to another embodiment a method of treating an individual with 
an immunostimulatory polysaccharide preparation in order to provide to the 
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individual a stimulation of monocyte/macrophage activity comprises administering 
to the individual an effective amount of a polysaccharide preparation extracted 
from food-grade microalgae In combination with an acceptable carrier. According 
to another embodiment, the immunostlmulatory polysaccharide preparation is 
5 administered to enhance wound healing. According to another embodiment, the 
immunostimulatory polysaccharide preparation is administered to treat cancer. 
According to another embodiment, the immunostimulatory polysaccharide 
preparation is administered to treat immunodeficiency. According to another 
embodiment the tmmunostimulaton/ polysaccharide preparation is administered 

10 to treat a viral, bacteriaror fungal infection. According to another embodiment 
the individual is a human being. According to another embodiment the individual 
is an animal. According to another embodiment, a method of treating an 
individual with an Immunostimutatory polysaccharide preparation in order to 
provide to the individual a stimulation' of monocyte/macrophage activity 

15 comprises administering to the individual an effective amount of a polysaccharide 
preparation extracted from Aphanizomenon flos-aquae in combination with an 
acceptable carrier. According to another embodiment a method of treating an 
individual with an immunostrmufatory polysaccharide preparation in order to 
provide to the individual a stimulation of monocyte/macrophage activity 

20 comprises administering to the individual an effective amount of a polysaccharide 
preparation extracted from ChhmBa pyrenordosa. According to another 
embodiment a method of treating an individual with an imrnunostfmulatory 
polysaccharide preparation in order to provide to the individual a stimulation of 
monocyte/riiacrophage activity comprises administering to the individual an 

25 effective amount of a polysaccharide preparation extracted from Spirvtina 
platensts, 

BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1, Size exclusion HPLC chromatogram of polysaccharide preparation 
NP16847 (Example 1), 75pL injection at SOOfjg/hiL 
3D Fig. 2. Size exclusion HPLC chromatogram of polysaccharide preparation 
NP16848 (Example 2), 20DpL injection at 125pg/mL 

Frg. 3. Size exclusion HPLC chromatogram of polysaccharide preparation 
NP16846 (Example 3), 200pL injection at 35pg/mL 

8 
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Rg.4. Mlcroalgal polysaccharidB preparations NP16847, NP16848 and 

. NP1B846 enhance proinflammatory cytokine mRNA production. RT-PCR results 
for IL-1P mRNA, TNF-a mRNA and GAPDH mRNA in THP-1 cells at 2 hours: 
control, bacterial LPS at 10pg/rnL t (1) polysaccharide preparation NP1SB47 at 
5 0.5pg/mL, (2) polysaccharide preparation NP16846 at 0.5|jg/mU and (3) 
polysaccharide preparation NP1 6848 at O.SpgAmL 

Rg. 5. Flow chart showing protocol for hot water extraction at 40°C 
followed by 70% ethanol precipitation to remove*phycocyantn material (Example 
4). 

10 Fig. 6. Flow chart showing protocol for hot water extraction at 40°C 

followed by ammonium sulfate precipitation to remove phycocyanin material 
(Examples). 

Fig. 7- Row chart showing protocol for hot water extraction at 70*C 
(Example 6). 

15 Fig. 8. Row chart showing protocol for 70% ethanol extraction at 40"C 
without butanol partition (Example 7). 

Fig. 9. Row chart showing protocol for 70% ethanol extraction at 40'C 
followed by direct ethanol precipitation (Example 8). 

Fig. 10. Flow chart showing protocol for 70% ethanol extraction at 4D°C 
20 followed by direct 80% ethanol precipitation (Example 9). 

Rg.11. SEC HPLC analysis of pre- and post-ultrafittrate NP1 684-7 
preparations using optimal extraction conditions of 50% ethanol/BO'C (Example 
24). 

DETAILED DESCRIPTION OF THE INVENTION 

25 The transcription factor-based bloassay for activation of .NF-kappa B In 

THP-1 human monocytes/macrophages ,was used to guide purification of the 
immunostimulatory polysaccharides and the optimization of their extraction. This 
assay measures immunostimulatory activity as indicated by increased expression 
of a NF-kappa B-driven luciferase reporter. THP-1 human monocytes (American 

30 Type Culture Collection, Rockville, MD) were cultured in RPMI 1640 medium 
supplemented with fetal bovine serum (10% v/v) and amikacin (60rng/L) at 37°C, 
under 5% C0 2 and 95% air. Actively growing cells were transiently transacted 
using DEAE-dexfran (10pg/1x10 s cells) and the pBIIXLUC reporter plasmid 

9 
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(1pg/1x1O 0 cells). This plasmid, a gift from Dr. Riccardo Dalla-Favera, contains 
two copies of NF-kappa B motif from HIV/lgK (37). Transaction solution 
containing THP-1 cells was incubated for 7 minutes In a 37°C water bath. The 
transacted cells were then resuspended In 10% FBS, RPMl 1640 medium and 
5 plated out in 96-well plates at a cell density of 2 x 10 s cells per well. After 24- 
hours, microalgae extracts, fractions and polysaccharide preparations were 
added to transfected cells. Cells were harvested and iudferase activity 
measured four hours after addition of samples. Cells were harvested using 
Packard filter plates and lysed using 30pL of Iudferase mix (1:1. LucLite™ 
10 lucjferaseilixPBS, 1mM Ca and Mg). LucUte™ lucrferase reporter gene assay kit 
was purchased from Packard (Downers Grove, IL). Light emission was 
measured using a Packard mlcroplate scintillation counter in single photon mode. 
Activation is reported as a percentage relative to maximal activation of NF-kappa 
B by 10pg/mL LPS (E. coff. serotype 026:B6, Sigma Chemical Co., St Louis, 
15 MO) which was used as a positive control. 

Gfycosyl composition and gJycosyl linkage analyses were performed by 
The University of Georgia. Complex Carbohydrate Research Center. The 
glycosyf composition was determined using GC-rnass spectrometry analysis of 
the TMS-methyl glycosides. In order to identify the O-methylated sugars 
20 detected during the TMS-methyl glycoside procedure, glycosyl composition was 
also determined using the ald'rtol a cetate procedure (36). Glycosyl linkage 
analysis was performed using the Hakornori procedure (39), in combination with 
carboxyl -reduction in order to detect uronic add linkages (40). 

PXAMPt P 1 — Initial Isolation of a high molecular weight polysaccharide 
25 preparation from AFA flsiP1S847l that exhibits potent monocyte activation 
properties 

A crude extract from AFA (Lot No. 0110FA from Cell Tech, Klamath FalJs, 
OR), was prepared by extracting the freaze-dried material (125g) three times (4 
hours each) with 70% ethanol at 40*C~ This crude extract had an ECso value of 
30 lOpg/mL. Aqueous ethanol extracts were evaporated to dryness and then 
solvent partitioned between water and chloroform (1:1). The activity was found 
exclusively in the water layer which was further partitioned against n-butanol 
(watenn-butanol, 63:37). The mom active water layer (ECso=0.5pg/mL) was 

10 
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subjected to alcohol precipitation (watenmethanolrethanol, 1:2:3) at -80°C for 24 
hours. This precipitated material, which is referred to as the pre-uhrafiHrate 
preparation, had an ECso value of 0.2ug/ml_ and represents a recovery of 3% of 
dry AFA weight This material was then passed through an ultrafiltration device 
5 with a 100,000 molecular weight cut-off polyethersulfona membrane (Centricon 
PJus-20 from Mfflipore, Bedford, MA). The retentate was subsequently washed 
several times with 3% KCI (w/v) to remove Impurities that adhered (probably 
through ionic interaction) to the large molecular weight material. The retentate, 
.which is referred to as post-uttrafiltrate material, had an ECso value of 0.1ug/mL, 

1 0 representing a recovery of 0.6%. 

The carbohydrate content of the post-ultraffltrate NP 16847 preparation 
was estimated to be between 90% and 100% using a colorimetric assay (41) with 
phenoh-sulfuric acid at 450 nm and 490 nrn. It is concluded from this result that 
this material is a preparation of polysaccharides. Elemental analysis performed 

15 by Galbraith Laboratories, Inc. (Knoxville, TN) revealed that this material contains 
the following elements: 49.1% carbon, 40.8% oxygen, 7.62% hydrogen, 2.46% 
nitrogen and trace amounts of sulfur. Glycosyl composition and linkage analysis 
for the post-ultraftttrate is presented in Table 1. NP16847 is comprised 
predominantly of mannose, glucose, 4-methyi mannose, rtiamnose and 

20 methylated sugar residues along with other simple sugars and acetylated amino 
sugars. This is the first report of any polysaccharide isolated from AFA exhibiting 
any type of biological activity. 

The post-uttrafUtrate NP 16847 was analyzed using size exclusion 
chromatography (SEC). The set-up consisted of a Model 600E system controller, 

25 UK6 injector, Model 600 solvent delivery system. Model 401 differential 
refractometer and a Model 3396A Hewlett-Packard integrator. Analyses were 
performed at a flow rate of 1 mL/minute using HPLC grade water and a Shodex 
Ohpak KB-805 SEC column (300mm length x 8mm ID} held at 30°C_ This 
column Is capable of separating molecules up to an estimated molecular weight 

30 of 4 million daltons. Analysis of post-ultiafiltrate NP16B47 showed one peak that 
• eluted In the void volume (Fig. 1) and had a retention time consistent with an 
apparent molecular weight of above 2 million daltons based on comparison with 
dextran standards. 
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The isolation procedure described in Example 1 for the purification of AFA 
polysaccharides Is novel since the initial extraction uses 70% ethanol as 
compared with prior art procedures which employ hot water- To determine if this 
procedure could be used as a general method for the extraction of 
5 imrnunostimulatory polysaccharides from other food-grade microalgae. the 
procedure described in Example I was applied to two other microaigae commonly 
consumed as food supplements nameJy Chlorolla pyrenoidosa and Spirvlma 
ptatensts. 

EXAMPLE 2 — > Initial isolation of a high molecular weight polysaccharide 

10 preparation from Chlorella pyrenoidosa (NP 16848) that exhibits potent monocyte 
activation properties 

A crude extract from Chforella (Lot No. VP0978 from Sun Chlorella. 
Torrance, CA), was prepared by extracting the freeze-dried material (35g) three 
times (4 hours each) with 70% ethanol at 40°C. This crude extract had an ECsd 

15 vafue of 25ug/mL Aqueous ethanol extracts were evaporated to dryness and 
then solvent partitioned between water and chloroform (1:1). The activity was 
found exclusively in the water layer which was further partitioned against n- 
butanol (watenrvbiitanol, 63:37). The more active water layer was subjected to 
alcohol precipitation (watenmethanokethanol, 1:2:3) at -80*0 for 24 hours. The 

20 precipitate material was then passed through an ultrafiltration device with a 
1 00,000 molecular weight cut-off polyethersulfone membrane (Centricon Plus-20 
from Millipore, Bedford, MA). The retentate was subsequently washed several 
times with 3% KCI (w/v) to remove impurities that adhered (probably through 
ionic interaction) to the large molecular weight material. The post-uttrafiHrate 

25 material had an ECsd value of 0.3pgfrnL. and represented a recovery of 0.2%. 

The carbohydrate content of the post-ultrafiltrate NP16848 preparation 
was estimated to be between 90% and 100% using a colorimetric assay (41) with 
phenol-sulfuric add at 450 nrn and 490 rim. It is concluded from this result that 
this material is a preparation of polysaccharides. GJycosyl composition and 

30 linkage analysis for the post-ultrafiltrate is presented in Table Z NP16848 is 
comprised predominantly of arabinose, galactose, rhamnose and methylated 
sugar residues along with other simple sugars and acetylated amino sugars. 
Although other imrnunostimulatory polysaccharides and water soluble 
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preparations from Chlorate species have been reported In the literature, 
NP 16848 is a novel composition. 

The pDst-uKrafittrate NP16848 analyzed using the HPLC size exclusion 
chromatography procedure described in Example 1 was found to contain one 
5 peak that eluted in the void volume (Fig. 2) and had a retention time consistent 
with an apparent molecular weight of above 2 million daltons based on 
comparison with dextran standards. 

EXAMPLE 3 — Initial isolation of a high molecular weight polysaccharide 
preparation from SoiruHna vlatensis fNP1S846) that exhibits potent monocyte 

10 activation properties 

A crude extract from Spiruffna (Lot No. B16933 from Triarco Industries, 
Wayne, NJ) was prepared by extracting the freeze-dried material (35g) three 
times (4 hours each) with 70% ethanol at 40°C. This crude extract had an ECg, 
value of 50pg/mL Aqueous ethanol extracts were evaporated to dryness and 

15 then solvent partitioned between water and chloroform (1:1). The activity was 
found exclusively in the water layer which was further partitioned against n- 
butanol (watenn-butanol, 63:37). The water layer was the more active and was 
subjected to alcohol precipitation (watenmethanol:ethanol, 1:2:3) at -80°C for 24 
hours. The precipitate material was then passed through an ultrafiltration device 

20 with a 100,000 molecular weight cut-off polyethersutfone membrane (Centricon 
Plus-20 from MIDipore, Bedford, MA). Hie retentate was subsequently washed 
several times with 3% KCI (wAv) to remove impurities that adhered (probably 
through ionic interaction) to the large molecular weight material. The post- 
ultra filtrate materia! had an ECsq value of 0.3pg/mL. representing a recovery of 
25 0.1%. 

The carbohydrate content of the post-urtratTHrate Spirulina preparation was 
estimated to be between 90% and 100% using a colorimetric assay (41) with 
phenol-sulfuric add at 450 nm and 490 ran. It is concluded from this result that 
this material Is a preparation of polysaccharides. Gtycosyl composition and 
30 linkage analysis for the post-ultrafiltrate is presented in Table 3. NP16B46 is 
comprised predominantly of rhamnose p glucuronic acid, focose, galactose and 
methylated sugar residues along with other simple sugars, uronic acids and 
acetyfated amino sugars. Other polysaccharides with similar gtycosyl 
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compositions from Spirvh'na species have been reported in the literature but are 
much smaller In size than NP 16846. 

The post-ultrafiltrate NP16846 analyzed using the HPLC size exclusion 
chromatography procedure described In Example 1 wbs found to contain one 
5 peak that eluted In the void volume (Rg. 3) and had a retention time consistent 
with an apparent molecular weight of above 2 million daltons based on 
comparison with dextran standards. 

Monocyte/macrophage activation 

Messenger RNA (MRNA) levels of proinflammatory cytokines IL-lp and 
10 TNF-a were measured to confirm THP-1 monocyte/macrophage activation by 
microalgal polysaccharide preparations. The mRNA levels of GAPDH were also 
assayed as a control to determine the specificity of changes in IL-1p and TNF-a. 
mRNA levels. Since GAPDH Is a housekeeping gene t mRNA levels would be 
expected to remain constant unless changes were induced artrfactually- 
15 RT-PCR primers for IL-ip, TNF-a and GAPDH were purchased from 

Integrated DNA technologies. Inc. (Coralvifle, IA). Sequences tor the primers 
were described in Su et al. (42). IL-lp forward (SVVTX^CA-GAA-GTArCCT- 
AAG-CTC-GC-3'); IL-lp reverse (5-ACA-CAA-ATT-GCA-TGG-TGA-AGT-CAG- 
TT-3'); TNF-a forward (5-GAG-TGA-CAArGCC-TGT-AGC-CCA-TGT-TGT-^AGC- 
20 3 # ); TNF-o. reverse (5'^C7W\TG-ATCM:CA^G-TA<^ 

3); GAPDH forward (5-TGA-AGG-TCG-GAG-TCA-ACG-GAT-TTG-GT-3"); 
GAPDH reverse (5 -CAT-GTG-GGC^CAT-GAG-GTC^CAC^AC-3•). 

Actively growing THP-1 cells (3 mLs, 1 x 10 s cells/mL) were incubated for 
2 hours in the presence of test material. Total RNA was isolated using the TRI 
25 Reagent* kit (Molecular Research Center, Inc.. Cincinnati, OH) in which cells are 
lysed using a combination of phenol and guanldine thlocyanate. After the 
addition of bromochloropropane, RNA is separated into the aqueous phase and 
subsequently precipitated with isopropanol. Total RNA recovered using this 
method was about 30jjg. Electrophoresis of isolated RNA using 0.8% agarose 
30 gel showed no signs of contaminating DNA. 

RT-PCR reactions were run using kit reagents from Promega (Madison, 
Wl). Each reaction used the following components (total volume of 30uL): 6pL 
AMWTfl 5x reaction buffer. 0.6mL dNTP mix (10mM). 1.2uL MgS0 4 (25mM), 
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0.6pL AMV reverse transcriptase (5unrts/pL), 0.6pL Tfl DNA polymerase 
(Sunfe/pL), 1£pL of each primer (15pmol/uiL), and 2ng total RNA (IL-ip, TNF-a) 
or 5ng total RNA (GAPDH). The RT-PCR protocol used a Techne Unit Progene 
automatic thermal cyder. First cycle consisted of 45 minutes at 4B*C, followed 
5 by 2 minutes at 94*C. Amplification was achieved using 35 cycles: denature at 
94°C for 45 seconds, anneal at 6CPC for 1 minute, and extend at 68°C for 2 
minutes. The final cycle held samples at 66 P C for 7 minutes. Electrophoresis of 
RT-PCR products (mRNA IL-ip, TNF-a and GAPDH) was accomplished using 
12pL of reaction mix on 5% polyacryiamide gels with ethidium bromide used as 

1 0 the staining agent 

Treatment of THP-1 cells with either LPS or microalgal polysaccharide 
preparations resulted in a dramatic increase in both IL-ip mRNA (8l0bp) and 
TNF-a mRNA (444bp), as compared with the control. The mRNA levels of the 
housekeeping gene glyceraldehyde phosphate dehydrogenase (GAPDH. 

15 1 0OObp) was the same for all samples (Rg. 4). 

The observed NF~kappa B activation by NP16847, NP16848, and 
NP16846 was not due to endotoxin contamination of the preparations. This was 
confirmed by thB results of the following two experiments which were conducted 
to address this possibility. First polymyxin B (lOpg/mL, Sigma Chemical Co., St 

20 Louis, MO) was added in combination with each polysaccharide preparation (0.1 
to 1pg/mL) to observe whether there was any abrogation in NF-kappa B 
activation. Polymyxin B is a polycationic antibiotic Known to block many of the 
biological effects of LPS by binding to the lipid A portion of the molecule. All 
three microalgal polysaccharide preparations were Insensitive to polymyxin B 

25 addition (data not shown). Addition of polymyxin B to LPS (1 OpgftnL) suppressed 
NF-kappa B activation by 75%. The second experiment used to examine 
possible endotoxin-medlated effects was to look for the presence of 0- 
hydroxymyristate in the glycosyl composition analysis. There was no detectable 
levels of p-hydroxymyrlstate in sample preparations of NP16B48 and NP1B846 . 

30 Thus, It Is unlikely that the observed macrophage activation by NP16848 and 
NP'16846 is due to endotoxins. 

However, m two different sample preparations of NP1 6847 smaH amounts 
of p-hydroxymyristate (0.6% of total peak area) were detected. In order to 
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determine how- much "endotoxfn-llke* material was present, six samples of AFA 
were analyzed using the Umulus amebocyte lysate (LAL) assay (analysis 
performed by BioWhittaker. Walksrsville, MD). The amount of LAL positive 
material detected using this assay represented 0.002% of microalgal dry weight 
By comparison, the percent recovery of NP1BB47 is about 300 times greater 
(0.6% of microalgal dry weight). This means that at the concentration required to 
produce half-maximal NF-kappa B activation by NP16B47 (100ng/mL). the total 
amount of potential LAL positive material present would be 300pg/mL. This 
concentration of endotoxin would not be detectable using the macrophage assay 
system. Therefore, possible endotoxin contamination cannot account tor the 
stimulatory effect of NP16847 on macrophage activation. 

Examples 1 through 3 demonstrate that polysaccharide preparations with 
potent Immunostimulatory activity are extrariable from food-grade microalgae 
using 70% ethanol at 40*C. Subsequent steps in the isolation of these 
polysaccharide preparations involved a complex protocol and the use of organic 
solvents. Polysaccharides are traditionally extracted from natural sources using 
hot water due to their high water solubility. This hot water isolation procedure 
therefore would be expected to yield a higher percent recovery of these 
polysaccharides as compared to the initial extraction using 70% ethanol. In 
addition, since a hot water ex tr act would be less likely to contain non-polar 
material, it would not be necessary to use organic solvent partitioning if this 
method proved successful. However, c ontra ry to the predicted behavior, water 
extraction (Examples 4 through 6) gave preparations substantially less active 
than the procedure using the initial extraction with aqueous ethanol (Example 1) 
and also posed additional problems. 

Both the HPLC size exclusion chromatographic analysis and 
immunostimulatory activity (macrophage activation) were measured as described 
in the earlier Examples. The microalgae used In each Example was freeze-dried 
AFA (Lot 041900 Merc) obtained from Klamath Algae Products Inc. Klamath 
Falls. OR. UttrBfiltration (when used) was carried out using a device with a 
100,000 molecular weight cut-off polyethersurfone membrane (Centricon Plus-20 
from Mlllipore. Bedford, MA). For each experiment, the retentate material from 
ultrafiltration was washed several times with 3% KCI (wAv) to remove impurities 
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that adhered (probably through Ionic interaction) to the large molecular weight 
material. 

EXAMPLE 4 — 40*C water extraction and phvcocyanin removal with alcohol 
precipitation 

5 Water extraction of AFA at 40"C was problematic because this crude 

extract contained a large amount of phycocyanin (a blue proteinaceous pigment). 
Attempts to remove phycocyanin by ultrafiltration were unsuccessful since this 
material was retained along wrfh the NP 16847 polysaccharide preparation in tho 
100,000-datton molecular weight cut-off filter. Complete precipitation of the 
10 phycocyanin material by alcohol requires a solution of 70% ethanol or greater 
(data not shown). In order to evaluate this method, 10g of freeze-dried AFA was 
extracted three times with water (BZ.SmLs each time) at 40°C, between 4 and 8 
hours each time. Crude water extract was lyophilized and redissolved in 40mLs 
of water. Ethanol was added (92m Ls) at room temperature to achieve a final 
15 concentration of 70% ethanol. Precfpitable materials (containing phycocyanin) 
were removed and the supernatant passed through an ultrafiltration device. The 
material at each step in the isolation procedure was evaluated for macrophage 
activation (Fig. 5). Clearly, the majority of the i mm u no stimulatory activity was lost 
in the precipitate (also containing phycocyanin) during the 70% ethanol 
20 precipitation. The percent recovery of post-ultraffltrate material (above 100,000 
daJtons) using this method was 1.0%. Although this percent recovery is higher 
than the 0.6% recovery of the post-uttrafiltrate obtained using the 70% ethanol 
extraction procedure of Example 1, this material contains other substances 
besides NP 16847 since ft had an ECso value of 10D0ng/mL By comparison, the 
25 material from Example 1 has an ECso value of 100ng/mL. 

EXAMPLE 5 — 40°C water extraction and phvcocyanin removal with ammonium 
sulfate 

Methods for the isolation of phycocyanin (43. 44) typically use an 
ammonium sulfate precipitation (40 - 65% saturation). * This protocol was 
30 investigated to evaluate whether ammonium sulfate precipitation could selectively 
remove phycocyanin from the crude extract Freeze-dried AFA (10g) was 
extracted three times with water (62.5rnLs each time) at 40*C, between 4 and 8 
hours each time. Crude water extract was lyophilized and redissolved in 40 mLs 
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of water containing 48g of ammonium sulfate (50% saturation). Precipitable 
materials (containing phycocyanin) were removed and the supernatant passed 
' through an ultrafiltration device. The percent recovery of post-uHrafiltrate material 
was 1.32%. but probably contained little NP16847 since its specific activity was 
5 quite low (EC OT > 1000ng/mL). Figure 6 summarizes the immunostimulatory 
activity of the material at each step in the isolation procedure. Similar to the 
previous approach, the majority of NP16B47 was precipitated along with the 
phycocyanin by the addition of ammonium sulfate. 

Clearly, the attempts to separate phycocyanin from NP 16847 in the crude 
10 water extract were not successful. In addition, re-extraction of the marc material 
(leftover from the 40 P C water extraction) using aqueous ethanol at higher 
temperatures (e.g. 50% ethanol/60°C) resulted in the isolation of a substantial 
amount of NP16847 (sb© Example 43). Thus, extracting with water at 40°C did 
not provide a complete recovery of NP 16847. 

15 EXAMPLE 6 — 70*C hot water extraction 

Water extraction at higher temperatures such as 70°C would cause 
phycocyanin to denature and precipitate, leaving NP16847 and other polar 
molecules in solution. To evaluate this approach, 20g of freeze-dried AFA was 
extracted three times with water (125mLs each time) at 70"C, between 4 and 8 

20 hours each time. This crude extract did not appear to contain any phycocyanin 
material as evidenced by the lack of blue color. The crude water extract was 
lyophllized and redissolved in 80mLs of water. NP16847 was precipitated using 
alcohol (watenmethanotethanol, 1:2:3) at -20"C for 24 hours. Precipitable 
materials were passed through an ultrafiltration device. Figure 7 summarizes the 

25 immunostimulatory activity of the material at each step in the Isolation procedure. 
The ECso value for macrophage activation of the postultrafiltrate material 
(200ng/rnL) was slightly higher than the material obtained in Example 1 
(100ng/mL)- The percent recovery of post-ultrafiltrate material obtained using 
this method was 1.74%, substantially higher than me 0.6% NP16847 recovery 

30 obtained from the 70% ethanol procedure of Example 1. Therefore extraction 
with 70" C water recovers about 3 times as much NP1B847 as indicated by the 
comparable ECso values of the post-ultraffKrate materials. 
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Isolation of NP16B47 using hot water extraction (at 70°C) offers several 
advantages over the Isolation procedure In Example 1. No organic solvents are 
used, only a few steps are required to obtain the final material, and about 3 times 
more NP16847 is extracted. However, there ana several disadvantages. First, 
5 the crude water extract needs to be lyophllized in order to concentrate it to avoid 
excessively high volumes of alcohol In the precipitation. Second, the pre- 
ultrafTftrate contains a substantial amount of inactive material (as evidenced by a 
low EC 5 d value of about 500ng/mL and the HPLC chromatogram In Fig. 7) which 
results In a very slow purification using the ultrafiltration devices. 

10 Several additional methods were evaluated based on modifications to the 

70% ethanol extraction procedure described in Example 1. The following 
Examples describe isolation procedures where thB use of organic solvents was 
not required and the isolation is accomplished in a limited number of steps. A 
simple, economic and efficient process was developed which overcame all 

15 problems associated with hot water extraction, 

PXAMPI P 7 — 70% ethanol extraction at 40*C with chloroform partitioning 

For the extraction erf NP16847 in Example 1, the second solvent 
partitioning step between n-butanol and water resulted in a substantial loss of 
imrnunostimulatory activity into the butanol layer. Therefore, the protocol in 

20 Example 1 was modified to remove the n-butanol solvent partition step. This new 
method is identical to the procedure in Example 1 except that there is only one 
solvent partition between chloroform and water (1:1). Figure 8 summarizes the 
Isolation scheme and imrnunostimulatory activity at each step in the isolation 
process. The ECso value for the post-uftrafiltrate material obtained using this 

25 method (200ng/mL) was slightly higher than the material obtained in Example 1 
(1 OOng/mL). The percent recovery of post-ultrafiltrate NP 16847 obtained using 
this procedure was 1.97%. Therefore, the removal of the butanol solvent partition 
step from the 70% ethanol extraction procedure (Example 1) enhanced recovery 
of post-ultrafiltrate NP16B47 by over 3 times. However, the major disadvantage 

30 of this procedure is the use of chlo rof o r m in the organic solvent partition. 

EXAMPLE 8 — 70% ethanol extraction at 40° C and direct alcohol precipitation 

In order to evaluate an approach that sKips both the butanol and 
chloroform partition. 10g of freeze-dried AFA was extracted two times with 70% 
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ethanol (125mLs each time) at 40°C. The first extraction was for 3 hours and the 
second extraction was for 12 hours. Crude 70% ethanol extract was stored at - 
20°C for several hours and precipttable material removed by centrifugation. 
Precipitate was washed with cold 95% ethanol (to remove remaining non-polar 
5 material), redissolved In water and then passed through an u ltrafiltrati on device. 
Figure 9 summarizes the immunostimuJatoiy activity of the material at each step 
in the isolation procedure. ECgo value of the post-ultrafiltrate material was slightly 
higher (200ng/mL) as compared to the material obtained In Example 1 
(1O0ng/mL). The percent recovery of post-uttrafittrate NP16847 was 1-2%. 
10 Although this yield is 2 times higher than that obtained using the extraction 
procedure described in Example 1, it is about 30% less than the recovery 
obtained using the protocol in Example 7, This lower yield is probably due to 
Incomplete precipitation in 70% ethanol. 

EXAMPLE 9 — 70% ethanol extraction at 40° C and direct 80% alcohol 
15 precipitation 

The previous method (Example 8) was slightly mocfified to obtain a greater 
recovery of NP16847. The crude extract from the 70% ethanol extraction was 
adjusted to 80% ethanol by addition of cold 100% ethanol and stored at -20°C for 
several hours. Preciprtable material was processed the same as above. Figure 
20 10 summarizes the isolation scheme and immunostimulatory activity at each step 
in the isolation process. This modified method resulted in 5.7% recovery of pre- 
ultrafiltrate NP 16847 preparation and an EC50 value of 200ng/mL in the monocyte 
activation assay. The percent recovery of post-uttrafiltrate material was 1 .8%. 
EC50 value for the post-uttrafiltrate material (200ng/mL) was slightly higher than 
25 that observed for the material obtained in Example 1 (100ng/mL), but identical to 
post-u Itrafi I trate values obtained from Examples 6 and 7. 

The procedure of direct precipitation of the NP16847 polysaccharide 
preparation from the crude 70% ethanol extract (Example 9) successfully 
achieves the original aims. No organic solvents (or methanol) are used, there is 
30 no lyuphilization/solvent evaporation step, and only a few steps are required to 
obtain a relatively pure preparation of NP16847. A semi-pure preparation of 
NP 16847 f70% of which Is less than 100,000 daltons) can be obtained with 
elimination of the ultrafiltration purification step (refer to pre- and post-u/traffitrate 

20 
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HPLC chromatograrns in Rg. 10). This preHjItraffltrate NP16647 preparation 
would be sufficient for a dietary supplement (botanical) extract Isolation of this 
materia! would simply require a direct alcohol precipitation from a crude 70% 
. ethanol extract 

5 The following points summarize why this Isolation procedure (Example 9) 

was superior to the others tested. 

1 . Water extraction at 40°C. 

a. Contains high levels of phycocyanin which cannot be separated 
from NP 16847 by ultrafiltration or by ethanol or ammonium sulfate 

10 precipitation. 

b. NP16847 obtained following u ltrafiltrati on was of a low specific 
activity. ECa, -1 OOOngAnL vs. 200ng/mt (Example 9). 

c. The marc material contained a substantial amount of NP16847 
that could not be recovered using water extra ction at this 

15 temperature (see Example 43). 

2. Water extraction at 70*C. 

a. Water extraction at this temperature contains excessive amounts 
of Inactive polar material in the pre-ultraffltrate. This is undesirable 
for two reasons. First, development of a pre-uftrafHtrate preparation 

20 - would contain low levels of NP 16847. Second, u ltrafiltra tion is 

extremely slow to obtain a post-ultraffltrate NP1 6847 preparation. 

b. Although the procedure does not use toxic organic solvents it 
does require a lyophHizaton step of the crude extract 

3. 70% ethanol extraction followed by organic solvent partitioning. 

25 a. Clearly the major disadvantage of this step is the use of an 

organic solvent (i.e. chloroform) to remove non-polar material. 
From the examples described above, the optimum, general procedure 
(Example 9) involves two initial extractions of freeze-dried AFA with 70% ethanol 
at 40*C. Crude extract is adjusted to 80% ethanol and cooled to -20"C. 
30 Precipitate is collected and washed with cold 95% ethanol to remove residual 
lipophilic material. The high molecular weight material (over 100,000 daKons). 
comprising -30% of the pre-ultrafittrate polysaccharide preparation, can be 
isolated using ultrafiltration. The following provides a comparison between the 
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NP16847 preparation obtained in Example 9 and NP16B47 prepared by 
extraction with 70% e1tianol/40 a C (Example 1 ): 

NP16847 fExampla 9) NP1B847 (Example 1) 
PfB-ultrafiltrate Recovery 5J% 3.0% 

5 PreHjItrafittrate ECgo vaJue 200ngfmL 200ng/mL 

Post-ultrafiltrate Recovery 1.8% 0.6% 
Post-ultrafiltrate ECso value 200ng/mL 1 00ng/mL 

These data demonstrate that extracting AFA using the procedure In 
Example 9 results in 2 times more pre-u ltrafi Ura te and 3 times more post- 
10 ultrafiltrate IMP 16847. However, the ECso value of the post-ultrafiltrate 
preparation obtained by this procedure is slightly higher than that obtained from 
Example 1 t indicating that some of the enhanced recovery is due to inactive 
material. Therefore, the conditions used in Example 9 were selected as a 
starting point for further optimization to improve the specific activity of the 
15 NP16847 preparation because of the following advantages that are offered by 
this new isolation method: 

1. Optimal yield and good specific activity of both the pre- and post- 
uttraffltration NP1 6847 polysaccharide preparations. 

2. No toxic organic solvents are used. 

20 3, No rotary evaporation or iyophfllzation of large volumes of water or 

solvent is involved. 

Examples 10-38 provide a detailed analysis of changing both extraction 
temperature and ethanol concentration in order to optimize conditions used rn 
Example 9. 

25 EXAMPLE 10 — 70% ethanol extraction at 50*C and direct 80% alcohol 
precipitation 

One g of freezs-dried AFA was extracted at 50'C with 70% ethanol, first 
with 7.5mLs for 3 hours and then with 6,25m Ls for 12 hours. Supsmatants from 
both extractions were combined (11.2mLs) following centrlfugation. The ethanol 
30 concentration of the supernatant was adjusted to 80% by the addition of cold 
100% ethanol. Following incubation at -20°C for several hours, precipitates were 
collected by centrifugation and subsequently washed with cold 95% ethanol. The 
isolated material was dried under vacuum and dissolved in water at 1 0mg/mL 
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This extraction procedure resulted in 6.5% recovery of pre-urtrafiftrate NP 1B847 
preparation and an ECso value of lO0ng/mL in the monocyte activation assay 
(Table 4). 

EXAMPLE '11 — 70% sthanol extraction at B0°C and direct 80% alcohol 
5 precipitation 

One g of freeze-dried AFA was extracted at G0°C with 70% ethanol, first 
with 7.SmLs for 3 hours and then with 6_25mLs for 12 hours. Supematants from 
both extractions were combined (11J2mLs) following centrtfugation. The ethanol 
concentration of the supernatant was adjusted to 80% by the addition of cold 

10 1 00% ethanol. Following incubation at -20"C for several hours, precipitates were 
collected by centrtfugation and subsequently washed with cold 95% ethanol. The 
- isolated material was dried under vacuum and dissolved in water at lOrng/mL. 
This extraction procedure resulted in 7.1% recovery of pre-uttrafiltrate NP 18847 
preparation and an ECso value of 100ng/mL in the monocyte activation assay 

15 (Table 4). 

EXAMPLE 12 — 70% ethanol extraction at 70»C and direct 80% alcohol 
precipitation 

One g of freeze-dried AFA was extracted at 70*C with 70% ethanol. first 
with 7.5m Ls for 3 hours and then with 6.25mLs for 12 hours. Supematants from 

20 both extractions were combined (11.4mLs) following centrifugation. The ethanol 
concentration of the supernatant was adjusted to 80% by the addition of cold 
100% ethanol. Following incubation at -20"C for several hours, precipitates were 
collected by centrifugation and subsequently washed with cold 95% ethanol. The 
isolated material was dried under vacuum and dissolved in water at 1 0mg/mL 

25 This extraction procedure resulted in 7.1% recovery of pne-urtrafittrate NP16847 
preparation and an ECso value of 75ng/mL in the monocyte activation assay 
(T able 4). Removal of low molecular weight material (<1 00,000 daltons) resulted 
in 2.7% recovery of post-uItrafiRrate NP16B47 preparation and an ECso value of 
about 35ng/mL. 

30 EXAMPLE 13 — 70% ethanol extraction at, 80'C and direct 80% alcohol 
precipitation 

One g of freeze-dried AFA was extracted at 80°C with 70% ethanol, first 

with 7.5mLs for 3 hours and then with 6.25mLs for 12 hours. Supematants from 
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both extractions were combined (11.2mLs) following centrifugation. The ethanol 
. concentration of the supernatant was adjusted to 60% by the addition of cold 
1 00% ethanol. Following incubation at -20"C for several hours, precipitates were 
collected by centrifugation and subsequently washed with cold 95% ethanoJ. The 
5 isolated material was dried under vacuum and dissolved in water at 10mg/mL. 
This extraction procedure resulted in 7.6% recovery of pre-uttrafiltrate NP 16847 
preparation and an ECso value of 50ng/mL in the monocyte activation assay 
(Table 4). 

EXAMPLE 14 — 70% ethanol extraction at 23 P C and direct 80% alcohol 
10 precipitation 

One g of freeze-dried AFA was extracted at 23 P C with 70% ethanol, first 
with 7.5mLs for 3 hours and then wrth 6_25mLs for T2 hours. Supematants from 
both extractions were combined (11.5mLs) following centnfugation. The ethanol 
concentration of the supernatant was adjusted to 80% by the addition of cold 

15 100% ethanol. Following incubation at -20 n C for several hours, precipitates were 
collected by centnfugation and subsequently washed with cold 95% ethanol. The 
isolated material was dried under vacuum and dissolved in water at l0mg/mL 
This extraction procedure resulted in 4.5% recovery of pre-uttrafOtrafe NP16847 
preparation and an EC^ value of >250ng/mL in the monocyte activation assay 

20 (Table 4). 

EXAMPLE 15 — 60% ethanol extraction at 23"C and direct 80% alcohol 
precipitation 

One g of freeze-dried AFA was extracted at 23°C with 60% ethanol, first 
with 7.5mLs for 3 hours and then with 6.25mLs for 12 hours. Supematants from 

25 both extractions were combined (11.3mLs) following centrifugation. The ethanol 
concentration of the supernatant was adjusted to 80% by the addition of cold 
100% ethanol. Following Incubation at -20'C for several hours, precipitates were 
collected by centrifugation and subsequently washed with cold 95% ethanol. The 
Isolated material was dried under vacuum and dissolved in water at 10mg/mL 

30 This extraction procedure resulted in 7.0% recovery of pre-ultrafiltrate NP16847 
preparation and an ECsd value of >250ng/riiL in the monocyte activation assay 
(Table 4). 
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EXAMPLE 16 — 60% ethanol extraction at 4Q°C and direct BO% alcohol 
precipitation 

One g of freeze-dried AFA was extracted at 40°C with 60% ethanol, first 
with 7.5mLs for 3 hours and then with 6.z5mLs for 12 hours. Supernatants from 
5 both extractions were combined (11.2mLs) following centrifugation. The ethanol 
concentration of the supernatant was adjusted to 80% by the addition of cold 
1 00% ethanol. Following incubation at -20°C for several hours, precipitates were 
collected by centrifugation and subsequently washed with cold 95% ethanol. The 
isolated material was dried under vacuum and dissolved in water at 10mg/mL 
10 This extraction procedure resulted in 8.4% recovery of pre-uKrafiltrate NP16847 
preparation and an ECso value of 200ng/mL In the monocyte activation assay 
(Table 4). 

EXAMPLE 17 — 60% ethanol extraction at 50°C and direct 80% alcohol 
precipitation 

15 One g of freeze-dried AFA was extracted at 50"C with 60% ethanol, first 

with 7.5mLs for 3 hours and then with 6.25mLs for 12 hours. Supernatants from 
both extractions were combined (11-OrnLs) following centrifugation. The ethanol 
concentration of the supernatant was adjusted to 80% by the addition of cold 
1 00% ethanol. Following incubation at -20*C for several hours, precipitates were 

20 collected by centrifugation and subsequently washed with cold 95% ethanol. The " 
isolated material was dried under vacuum and dissolved in water at 10mg/mL 
This extraction procedure resulted in 9.4% recovery of pre-ultrafittratB NP16847 
preparation and an ECso value of 100ng/mL In the monocyte activation assay 
(Table 4). 

25 EXAMPLE 18 — 60% ethanol extraction at 60*C and direct 80% alcohol 
precipitation 

One g of freeze-dried AFA was extracted at B0°C with 60% ethanol, first 
with 7.5mLs for 3 hours and then with 6.25mLs for 12 hours. Supernatants from 
both extractions were combined (11.4mLs) following rentrif ligation. The ethanol 
30 concentration of the supernatant was adjusted to 80% by the addition of cold 
100% ethanol. Following incubation at ~20"C for several hours, precipitates were 
collected by centrifugation and subsequently washed with cold 95% ethanol. The 
isolated material was dried under vacuum and dissolved in water at l0mg/mL. 
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This extraction procedure resulted In 9.5% recovery of pre-ultrafiltrate NP16847 
preparation and an ECso value of 100ng/mL in the monocyte activation assay 
(Table 4). Removal of low molecular weight material (<10D.000 daltons) resulted 
In 3.5% recovery of post-ultrafilfrate NP16847 preparation and an ECso value of 
5 about 75ngftnL. 

EXAMPLE 19 — 60% ethanol extraction at 70°C and direct 80^ alcohol 
precipitation 

One g of freeze-dried AFA was extracted at 70'C with 60% ethanol, first 
with 7.5m Ls for 3 hours and then with 6.25mLs for 12 hours. Supematants from 

10 both extractions were combined (11.2mLs) following centrifugation- The ethanol 
concentration of the supernatant was adjusted to 80% by the addition of cold 
100% ethanol. Following Incubation at -20*C for several hours, precipitates were 
collected by centrifugation and subsequently washed with cold 95% ethanol. The 
isolated material was dried under vacuum and dissolved in water at 10mg/mL 

15 This extraction procedure resulted In 10.0% recovery of pre-ultrafiltrate NP 16847 
preparation and an ECso value of 50ng/mL in the monocyte activation assay 
(Table 4). 

EXAMPLE 20 — 60% ethanol extraction at BO'C and direct 80% alcohol 
precipitation 

20 One g of fireeze-dried AFA was extracted at 80*C with 60% ethanol. first 

with 7.5mLs for 3 hours and then with 6_25mLs for 12 hours. Supematants from 
both extractions were combined (11.2mLs) following centrifugation. The ethanol 
concentration of the supernatant was adjusted to 80% by the addition of cold 
100% ethanol. Following incubation at -20°C for several hours, precipitates were 
collected by centrifugation and subsequently washed with cold 95% ethanol. The 
Isolated material was dried under vacuum and dissolved In water at lOmg/mJL 
This extraction procedure resulted in 11.2% recovery of pre-uttrafittrate NP 16847 
preparation and an EC50 value of 25ng/mL In the monocyte activation assay 
(Table 4). 

EXAMPLE 21 — 50% ethanol extraction at 23°C and direct 80% alcohol 
precipitation 



One g of freeze-dried AFA was extracted at 23*C with 50% ethanol, first 

with 7.5mLs for 3 hours and then with 6.25mLs for 12 hours. Supematants from 
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both extractions were combined (11.3mLs) following centrtfugatjon- The ethanol 
concentration of the supernatant was adjusted to 80% by the addition of cold 
100% ethanol. Following Incubation at -20°C for several hours, precipitates were 
collected by centrifugation and subsequently washed with cold 95% ethanol. The 
isolated material was dried, under vacuum and dissolved in water at 10mg/mL. 
This extraction procedure resulted In 9.1% recovery of pre-ultrafiltrate NP16847 
preparation and an ECso value of 2Q0ng/mL in the monocyte activation assay 
(Table 4). 

EXAMPLE 22 — 50% ethanol extraction at 40°C and direct 80% alcohol 
precipitation 

One g of fireeze-dried AFA was extracted at 40 D C with 50% ethanol, first 
with 7.5 mLs for 3 hours and then with 6.25rnLs for 12 hours. Supernatants from 
both extractions were combined (11.3mLs) following centrifugation. The ethanol 
concentration of the supernatant was adjusted to 80% by the addition of cold 
100% ethanol. Following incubation at -20 °C for several hours, precipitates were 
collected by centrifugation and subsequently washed with cold 95% ethanol. The 
isolated material was dried under vacuum and dissolved in water at lOmg/mL. 
TTris extraction procedure resulted in 8.9% recovery of pre-ultrafiltrate NP16847 
preparation and an ECso value of 100ng/mL in the monocyte activation assay 
(Table 4). 

EXAMPLE 23 — 5D% ethanol extraction at 50 P C and direct 80% alcohol 
precipitation 

One g of freeze-dried AFA was extracted at 50° C with 50% ethanol first 
with 7.5mLs for 3 hours and then with 6.25mLs for 12 hours. Supernatants from 
both extractions were combined (11.1 mLs) following centrifugation. The ethanol 
concentration of the supernatant was adjusted to 80% by the addition of cold 
100% ethanol. Following incubation at -20°C for several hours, precipitates were 
collected by centrifugation and subsequently washed with cold 95% ethanol. The 
isolated materia) was dried under vacuum and dissolved in water at lOmg/mL. 
This extraction procedure resulted in 9.4% recovery of pre-ultraffitrate NP16847 
preparation and an ECso value of 75ng/mL in (tie monocyte activation assay 
(Table 4). 
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EXAMPLE 24 — 50% eihanol extraction at B0°C and direct 80% alcohol 
precipitation 

One g of freeze-dried AFA was extracted at 60"C with 50% ethanol, first 
with 7.5mLs for 3 hours and then with 6J25mLs for 12 hours. Supematants from 

5 both extractions were combined (1 1.4mLs) following centrifugation. The ethanol 
concentration of the supernatant was adjusted to B0% by the addition of cold 
100% ethanol. Following incubation at -20 # C for several hours, precipitates were 
collected by centrifugation and subsequently washed with cold 95% ethanol. The 
isolated material was dried under vacuum and dissolved in water at 10mg/mL 

10 This extraction procedure resulted in 10.8% recovery of pre-ultrafiltrate NP16847 
preparation and an EC50 value of 25ng/mL In the monocyte activation assay 
(Table 4). Removal of low molecular weight material (<1 00,000 daltons) resulted 
In 4.5% recovery of post-uttraffltrate NP16847 preparation and an EC50 value of 
about 20ng/mL_ 

15 EXAMPLE 25 — 50% ethanol extraction at 70 P C and direct 80% alcohol 
precipitation 

One g of freeze-dried AFA was extracted at 70°C with 50% ethanol, first 
with 7.5mLs for 3 hours and then with 6.25mLs for 12 hours. Supematants from 
both extractions were combined (11.4mLs) following centrifugation. The ethanol 

20 concentration of the supernatant was adjusted to 80% by the addition of cold 
100% ethanol. Following incubation at -20°C for several hours, precipitates were 
collected by centrifugation and subsequently washed with cold 95% ethanol. The 
isolated material was dried under vacuum and dissolved in water at 10mg/mL. 
This extraction procedure resulted in 10.2% recovery of pre-uKrafatrate NP 16847 

25 preparation and an EC50 value of 25ng/mL in the monocyte activation assay 
(Table 4). Removal of low molecular weight material (<1 00,000 daltons) resulted 
in 5.6% recovery of post^jftrafiltrate NP16B47 preparation and an ECsu value of 
about 20ng/mL 

EXAMPLE 26 — 50% ethanol extraction at 80 m C and direct 80% alcohol 
30 precipitation 

One g of freeze-dried AFA was extracted at 80°C with 50% ethanol, first 
with 7.5mLs for 3 hours and then with 6.25mLs for 12 hours. Supematants from 
both extractions were combined (11.2mLs) following centrifugation. The ethanol 
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concentration of the supernatant was adjusted to 80% by the addition of cold 
100% ethanol. Following incubation at -20 P C for several hours, precipitates were 
collected by centrifugation and subsequently washed with cold 95% ethanol. The 
isolated material was dried under vacuum and dissolved In water at 10mg/mL 
5 This extraction procedure resulted m 1 1.7% recovery of pre-ultrafittrate NP 16847 
preparation and an EC50 value of 25ngfrnL in the monocyte activation assay 
(Table 4). 

EXAMPLE 27 — 40% ethanol extraction at 23°C and direct 80% alcohol 
precipitation 

10 One g of freeze-dried AFA was extracted at 23°C with 40% ethanol. first 

with 7.5mLs for 3 hours and then with 6.25mLs for 12 hours, Supematants from 
both extractions were combined (1 1 .3mLs) following centrifugation. The ethanol 
concentration of the supernatant was adjusted to 80% by the addition of coid 
100% ethanol. Following incubation at -20°C for several hours, precipitates were 

15 collected by centrifugation and subsequently washed with cold 95% ethanol. The 
isolated material was dried under vacuum and dissolved in water at 10mg/mL 
This extraction procedure resulted fn 11.4% recovery of pre-ultraffltrate NP16B47 
preparation and an ECso value of >250ng/mL in the monocyte activation assay 
(Table 4). 

20 

EXAMPLE 28 — 40% ethanol extraction at 40°C and direct 80% alcohol 
precipitation 

One g of freeze- dried AFA was extracted at 40°C with 40% ethanol; first 
wrth 7.5rnLs "for 3 hours and then with 6.25mLs for 12 hours. Supematants from 

25 both extractions were combined (1 1.4mLs) following centrifugation, The ethanol 
concentration of the supernatant was adjusted to 80% by the addition of cold 
100% ethanol. Following Incubation at -20 P C for several hours, precipitates were 
coPected by centrifugation and subsequently washed with cold 95% ethanol. The 
isolated material was dried under vacuum and dissolved in water at lOmg/mL. 

30 This extraction procedure resulted in 10.7% recovery of pre-ul trafilliat B NP16847 
preparation and an EC OT value of 10DngfmL in the monocyte activation assay 
(Table 4), 



29 



WO 02/04000 PCT/USOl/21770 

EXAMPLE 29 — 40% ethanol extraction at 50°C and direct B0% alcohol 
precipitation 

One g of freezs-dried AFA was extracted at 50°C wfth 40% ethanol, first 
with 7.5mLs for 3 hours and then with G^SmLs for 12 hours. Supematants from 
5 both extractions were combined (11-0mLs) following centrtfugation. The ethanol 
concentration of the supernatant was adjusted to 80% by the addition of cold 
100% ethanol. Following incubation at -20°C for several hours, precipitates were 
collected by centrifugation and subsequently washed with cold 95% ethanol The 
isolated material was dried under vacuum and dissolved in water at 1 Omg/mL 
10 This extraction procedure resulted in 10.3% recovery of pre-uftraffttrata NP15847 
preparation and an ECsd value of 100ng/mL in the monocyte activation assay 
(Table 4). 

EXAMPLE 30 — 40% ethanol extraction at 60°C and direct 80% alcohol 
preaprfcition 

15 One g of freeze-dried AFA was extracted at BO'C with 40% ethanol, first 

wfth 7.5mLs for 3 hours and then with 6.25mLs for 12 hours. Supematants from 
both extractions were combined <11.4mLs) following centrifugation. The ethanol 
concentration of the supernatant was adjusted to 80% by the addition of cold 
100% ethanol. Following incubation at -20"C for several hours, precipitates were 

20 collected by centrifugation and subsequently washed wfth cold 95% ethanoL The 
isolated material was dried under vacuum and dissolved in water at 1 Qmg/mL. 
This extraction procedure resulted in 10.8% recovery of pre-ultraffltrate NP16847 
preparation and an EC50 value of 50ng/mL in the monocyte ac ti v ati on assay 
(Table 4). Removal of low molecular weight material (<1 00,000 daltons) resulted 

25 in 3.3% recovery of post-ultrafiltrate NP16847 preparation and an ECsd value of 
about 25ng/mL. 

EXAMP? F 31 — 4P% ethanol extraction at 70*0 and direct 80% alcohol 
predprtation 

One g of freeze-dried AFA was extracted at 70*C with 40% ethanol, first 
30 with 7.5mLs for 3 hours and then with 6JZ5mls for 12 hours. Supematants from 
both extractions were combined (1 1.4mLs) following centrifugation- The ethanol 
concentration of the supernatant was adjusted to 80% by the addition of cold 
100% ethanol. Following incubation at -20*C for several hours, precipitates were 

30 



WO O2AM0O0 



PCT/U501/21770 



collected by centrifugation and subsequently washed wKh cold 95% ethanol. The 
isolated material was dried under vacuum and dissolved in water at 10mg/mL. 
This extraction procedure resulted in 11.1% recovery of pre-uKrafiltrate NP16847 
preparation and an EC50 value of 50ng/mL in the monocyte activation assay 
5 (Table 4). 

EXAMPLE 32 — 40% ethanol extraction at B0°C and direct 80% alcohol 
precipitation 

One g of fireeze-dried AFA was extracted at 80°C with 40% ethanol, first 
with 7.5mLs for 3 hours and then with 6.25mL$ for 12 hours. Supematants from 

10 both extractions were combined (11.3mLs) following centrifugation. The ethanol 
concentration of the supernatant was adjusted to 80% by the addition of cold 
100% ethanol. Following incubation at -20 ft C for several hours, precipitates were 
collected by centrifugation and subsequently washed with cold 95% ethanol. The 
isolated material was dried under vacuum and dissolved in water at IQmg/mL. 

15 This extraction procedure resulted in 12.6% recovery of pre-uftraffltrate NP1B847 
preparation and an EC& value of 5Dng/mL in the monocyte activation assay 
(Table 4). Removal of low molecular weight material (<1 00,000 daltons) resulted 
in 6.2% recovery of post-uttrafiltrate NP16847 preparation and an ECso value of 
about 30ng/mL. 

20 EXAMPLE 33 — 30% ethanol extraction at 23 P C and direct 8D% alcohol 
precipitation % 

One g of freeze-dried AFA was extracted at Z3°C with 30% ethanol. first 
with 7.5mLs for 3 hours and then with 6.25 mLs for 12 hours. Supematants from 
both extractions were combined (11-2mLs) following centrifugation. The ethanol 

25 concentration of the supernatant was . adjusted to 80% by the addition of cold 
1 00% ethanol. Following incubation at -20° C for several hours, precipitates were 
collected by centrifugation and subsequently washed wfth cold 95% ethanol. Tile 
isolated material was dried under vacuum and dissolved in water at 10mg/ml_ 
This extraction procedure resulted in 13.7% recovery of pre-urtrafiltrate NP 16847 

30 preparation and an EC50 value of 200ng/mL in the monocyte activation assay 
(Table 4). 

EXAMPLE 34 — 30% ethanoi extraction at 40°C and direct 80% alcohol 
precipitation 
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One g of freeze-dried AFA was extracted at 40°C with 30% ethanol. first 
with 7.5mLs for 3 hours and then with 6.25mLs for 12 hours. Supematants from 
berth extractions were combined (1 1 .3mLs) following centrifugation. The ethanol 
concentration of the supernatant was adjusted to 80% by the addition of cold 
5 100% ethanol. Following Incubation at -20°C for several hours, precipitates were 
collected by centrifugation and subsequently washed with cold 95% ethanol. The 
isolated material was dried under vacuum and dissolved in water at 10mg/mL. 
This extraction procedure resulted in 13.8% recovery of pre-uttrafiltrate NP16B47 
preparation and an ECso value of 100ng/mL in the monocyte activation assay 
10 (Table 4). 

E:*Aiv/rPl P 35 — 30% ethanol extraction at 50°C and direct 80% alcohol 
precipitation 

One g of freeze-dried AFA was extracted at 50 P C with 30% ethanol, first 
with 7.5mLs for 3 hours and then with 6.25mLs for 12 hours. Supematants from 

15 both extractions were combined <11.1mLs) following centrifugation. The ethanol 
concentration of the supernatant was adjusted to 80% by the addition of cold 
100% ethanol. Following Incubation at -20°C for several hours, precipitates were 
collected by cenbitugation and subsequently washed with cold 95% ethanol. The 
isolated material was dried under vacuum and dissolved in water at lOmg/mL. 

20 This extraction procedure resulted in 10.9% recovery of pre-uttrafittrate NP 16847 
preparation and an ECso value of 100ng/mL in the monocyte activation assay 
(Table 4). 

EXAMPLE 36 — 30% ethanol extraction at 50 P C and direct 80% alcohol 
precipitation . 

25 One g of freeze-dried AFA was extracted at 60X with 30% ethanol, first 

with 7.5mLs for 3 hours and then with 6*25mLs for 12 hours. Supematants from 
both extractions were combined (11.2mLs) following centrifugation. The ethanol 
concentration of the supernatant was adjusted to 80% by the addition of cold 
1 00% ethanol. Following incubation at -20*C for several hours, precipitates Were 

30 collected by centrifugation and subsequently washed with cold 95% ethanol. The 
isolated material was dried under vacuum and dissolved in water at 10mg/ml_ 
This extraction procedure resulted in 10.5% recovery of pre-ultrafiltrate NP16847 
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preparation and an ECso value of 100ng/mL in the monocyte activation assay 
(Table 4). 

EXAMPLE 37 — 30% ethanoi extraction at 70°C and direct 80% alcohol 
precipitation 

5 One 9 of freeze-dried AFA was extracted at 70°C with 30% ethanoi, first 

with 7.5mLs for 3 hours and then with 6.25mts for 12 hours. Supernatants from 
both extractions were combined (11.1mLs) following centrifugation. The ethano! 
concentration of the supernatant was adjusted to 80% by the addition of cold 
100% ethanoi. Following Incubation at -20'C for several hours, precipitates were 
10 collected by centrifugation and subsequently washed with cold 95% ethanoi. The 
isolated material was dried under vacuum and dissolved In water at 10mg/ml_ 
This extraction procedure resulted in 11.0% recovery of pre-ultrafiltrate NP1B847 
preparation and an ECso value of 75ng/mL In the monocyte activation assay 
(Table 4). 

15 EXAMPj P 3B — 30% ethanoi extraction at 80°C and direc t 80% alcohol 
precipitation 

One g of freeze-dried AFA was extracted at B0°C with 30% ethanoi. first 
with 7.5mLs for 3 hours and then with B.25mLs for 12 hours. Supernatants from 
both extractions were combined (11.0mLa) following centrifugation. The ethanoi 

20 concentration of the supernatant was adjusted to 80% by the addition of cotd 
100% ethanoi. Following Incubation at -20° C for several hours, precipitates were 
collected by centrifugation and subsequently washed with cold 95% ethanoi. The 
isolated material was dried under vacuum and dissolved in water at 10mg/mL 
This extraction procedure resulted in 11.9% recovery of pre-ultrafrttrate NP16847 

25 preparation and an EC50 value of 75ng/mL in the .monocyte activation assay 
(Table 4). 

Table 4 summarizes the influence of both temperature and the ethanoi 
concentration used during the initial extraction on the end-points described 
above. The endpoints used to evaluate the effectiveness of each extraction 
30 condition were percent recovery of the pre-uKrafiKrate in addition to its ECso 
value. The pre-ultrafiltrate material was selected for these analyses because of 
its potential use as either a dietary, supplement or pharmaceutical preparation. 
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elimination of the ultrafiltration step would represent a substantial simplification of 
the isolation procedure. 

The conditions used in Example 9 (70% ethanol/40°C) resulted in 5.7% 
recovery of pre-ultnafiltrate NP16847 with an ECso value of 200ng/mL Increasing 
extraction temperatures above 40°C coupled with the presence of 70% ethanol 
during the initial extraction improved recovery and specific activity of the 
NP16847 polysaccharide preparation. However, decreasing the extraction 
temperature from 40"C to 23°C with 70% ethanol, or any other concentration of 
ethanol, did not result In lower ECso values. At this temperature (23°C). 
recoveries were enhanced at lower ethanol concentrations. Part of this increased 
recovery was probably due to a more efficient extraction of phycocyanin as 
evidenced by the enhanced brua color of the materia). Extraction at higher 
temperatures using 70% ethanol slightly enhanced recovery and substantially 
increased specific activity (e.g. 70% ethanol/80"C). Extraction with 50% ethanol 
at any temperature above 40* C resulted in lower ECso values as compared with 
other ethanol concentrations. At ethanol concentrations above and below 50% 
ethanol, specific activities generally decreased at each temperature condition. 
Ethanol concentrations above and below 50% had opposite effects on recovery: 
recoveries decreased with higher ethanol concentration but slightly Increased 
with lower concentrations (at temperatures of 50 e C and below). The lower 
recoveries coupled with decreased specific activity at ethanol concentrations 
higher than 50% suggest that less NP 15847 is being extracted under these 
conditions. For ethanol concentrations beJow 50%, the higher recoveries coupled 
with decreased specific activity suggest that more inactive material Is extracted 
along with NP16847. At temperatures below 60*C with 30% and 40% ethanol. 
part of this inactive material is most likely due to more effective extraction of 
phycocyanin, again evidenced by the enhanced blue color of the precipitate. 

The region of Table 4 from 60'C - 80*C at 50% ethanol represented 
conditions for both optimal recovery and specific activity. The preferred 
temperature range is between S0"C and 70"C (Examples 24 and 25) because 
further analysis of both the pre- and post-ul baflUml e material derived from the 
80°C, 40% to 60% ethanol extraction conditions showed substantial amounts of 
water insoluble material. These optimal conditions yield post-ulliafiltiale 
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recoveries between 4.5% and 5.6% (7.5 to 9.3 times more than the earlier 70% 
etbanoU40°C condition from Example 1) and an ECsq value of about 20ng/mL (5 
times less than the 70% ethanol/40°C condition). 

EXAMPLE 39 — Shorter extraction times 
5 The data in Table 4 were collected on material extracted twice, first for 3 

hours and second for 12 hours, under each condition. To optimize for large scale 
extraction of NP16847, shorter extractions times of 1 hour each were tested and 
found to be equivalent in terms of both recovery and specific activity. 

EXAMPLE 40 — Single hot water extraction at 95°C for 3D minutes 
10 Prior art procedures for the isolation of immunostimulatory 

polysaccharides from other types of microaigae (17, 27) typically involve a single 
hot water extraction at 95°C for 30 minutes. To evaluate this method, 1g of 
freeze-dried AFA was extracted once with 20mLs of water at 95*C for 30 
minutes. The water extract was adjusted to 80% ethanol and Incubated at -20 P C 
15 for several hours. The precipitate collected represented a recovery of 12.1% but 
contained very little NP16B47 since the EC 50 of this material was about 
SOOng/mL. Ultrafiltration resulted in a recovery of 5.1% and no change in specific 
activity. Clearly these conditions are not suitable for extraction of NP16B47 from 
AFA. 

20 EXAMPLE 41 — Water extraction at 4°C followed bv re-extracfion with 50% 
ethanol/60°C 

It is possible that contaminating polar material can be selectively removed 
by an initial water extraction without substantial loss of NP16847. A two stage 
extraction procedure was tested to evaluate this approach. The first stage 
25 involved an Initial water extraction of AFA at 4'C followed by a second stage re- 
extraction of AFA at optimal conditions (50% ethanol/60'C). Although the 
specific activity of NP1Q847 using this method was comparable to the optimal 
conditions alone, the recovery was about 70% less for both pre- and post- 
ultrafiltrate. 
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EXAMPLE 42 — Water extraction at 23°C followed bv re-extraction with 50% 
Bthanol/60°C? 

The procedure used in Example 41 was slightly modified by increasing the 
extraction temperature from 4"C to 23°C. Thus, the first extraction involved an 
5 initial water extraction of AFA at 23"C followed by a second stage re-extraction of 
AFA at optimal conditions (50% sthanol/60'C). The results were similar to those 
in Example 41 (I.e. the specific activity was comparable to optimal conditions, yet 
the recovery was about 70% less for both pre- and post-ultrafiltrate), 
FXAM pi F 43 — Water extraction at 40 P C followed bv re-extract ion with 50% 
10 ethanol/50°C 

The procedure used In Example 41 was sfightfy modified by increasing the 
extraction temperature from 4°C to 40 tt C. THus, the first extraction Involved an 
initial water extraction of AFA at 40°C followed by a second stage re-extraction of 
AFA at optimal conditions (50% ethanol(60'C). The results were similar to those 
15 in Example 41 (i.e. the specific activity was comparable to optimal conditions, yet 
, the recovery was about 70% less for both pre- and post-ultrafiltrate). 

FXAMPLE 44 — Extraction with 70% ethanol/40 o C fo llowed bv re-extraction with 
soft ethanol/60 o C 

It is possible that contaminating non-polar material can be selectively 
20 removed by an initial ethanol extraction without substantial loss of NP16B47. To 
evaluate this approach a two stage extraction procedure was tested. The first 
stage involved an initial extraction of AFA with 70% ethanol at 40°C followed by a 
second stage re-extraction of AFA at optimal conditions (50% ethanol/60 p C). 
Although this procedure gave a slightly better ECso value (10ng/mL) than did 
25 Examples 24 and 25 for the post-ultrafiltrate NP16B47. the recovery was only 
1.0%. The pra-ultraflltrate had. a recovery of 2^% with an ECso value of 
20ng/mL. 

One property of purified NP16847 was that ft appeared to adhere to 
polypropylene pipette tips. To avoid exaggerated ECso values caused by 
30 carryover of the material during serial dilutions, pipette tips were changed 
between each dilution. 

Chromatographic analysis of NP16847 before and after ultrafiltration is 
displayed in Figs. 5-11. IMP16847 preparation isolated using the procedure 
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outlined in Example 1 generally eluted as a broad single peak (Fig. 1)- However, 
using the modified procedures (Examples 4-9). post-ultrafiltrate NP16847 eluted 
as a broad region containing what appears to be three peaks (refer to Figs. 5r1 0). 
This triple peak characteristic can however be changed Into a broad single peak 
5 by solvent partitioning of these post-ultrafiltrate NP16847 preparations between 
watenc*i1orofonn (1:1). Figs. 9 and 10 display the shape of the purified NP16B47 
polysaccharide peak after this partitioning with chloroform. The large peak to the 
far right of each chromatogram also occurs in the blank control and is therefore 
due to chloroform. There are several possible explanations for the transformation 

10 - of the complex peak Into a single peak. It is possible that there is a trace amount 
of non-polar or fat-like material associated with NP16847 that is responsible for 
Inter-molecular association of the NP1B847 polysaccharides. These larger 
complexes would give rise to the multiple peaks. Removal of the non-polar 
material with chloroform would break these associations and give rise to the 

15 single chromatographic peak. The possible association of a fat-like or non-polar 
material with NP16847 might explain why this polysaccharide material is 
extractable using high concentrations of aqueous ethanoL Whether NP16847 Is 
a single polysaccharide or a mixture of related polysaccharides Is difficult to 
evaluate due to the very high molecular weight of this material. The multiple 

20 peak phenomenon does not occur, however in the pre- and post-ultrafiltrate 
NP16847 preparations obtained using optimal extraction conditions (50% 
ethanol/60°C - 70*C f refer to Fig. 11). This may be due to either lower ethanol 
concentration or higher extraction temperatures or a combination of these two 
factors. 

25 Carbohydrate composition of different NP16847 preparations was 

. evaluated using GC-mass spectrometry analysis of TMS-methyt glycosides 
(Table 5). NP16847 material from Example 1 (NP1) was re-analyzed and found 
to have an Identical carbohydrate composition profile as previously determined. 
Since a different batch of AFA (purchased from another company) was used in 

30 Examples 4-44 a preparation of NP16847 was isolated from this new material 
using the extraction procedure of Example 1 (NP2). Both this NP16847 
preparation and NP1 have a comparable glycosyt composition, indicating 
consistency between different batches of AFA. TTib NPZ preparation however, 
was five times less active than NP1 (Table 5) due to partial loss of active 
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polysaccharides into the n-butanol phase during the n-butanol/water partitioning. 
In general, similar carbohydrate compositions were also found in pre- and post- 
ultrafiltrate NP16847 preparations (NP3 - NPB) obtained using optimal extraction 
conditions (50% ethanol at 60°C and 70*C). Pre-ultnafirtrate NP16847 was, 
5 howaver. consistently higher in glucose composition and lower In N-acetytated 
sugar units than post-ultrafiltrate preparations. Based on the consistency of 
carbohydrate composition between these different NP16847 preparations (NP1 - 
NP7), it Is dear that the major glycosyl residues present in this material are 
mannose. rhamnose, arabinose and glucose. In order to identify the O- 

1 0 methylated sugars detected during the TMS-methyi glycoside procedure, glycosyl 
composition was also determined using alditol acetate analysis. Methylated 
sugar residues contained in these preparations include Z-m ethyl rhamnose, 3- 
methyl rhamnose. 4-methyl rhamnose, 2-methyl fucose, 3-methyl arabinose and 
3-methyl mannose. Interestingly, these NP16847 preparations contain -5.1 - 

15 12.5% methylated carbohydrate residues and a high percent of deoxyhexoses 
(e.g. rhamnose and fucose). Both these characteristics may explain the unusual 
extractability of NP16B47 polysaccharide material using relatively high 
concentrations of aqueous ethanol. 
J Because the samples tested INP1 - NP7) represent up to a 50-fold 

20 difference in ECao values, one would expect to see some dffference in 
carbohydrate composition among them. Since this is not the case, it Is obvious 
that the purity or activity of NP 16847 preparations cannot be determined using 
this parameter- Therefore. NP 16847 preparations would more appropriately be 
characterized by biological activity, size and extractability in aqueous ethanol. It 

25 may be that a unique structural feature is responsible for NP1B84rs ability to 
activate monocytes/macrophages rather than a specific carbohydrate 
composition. It is also possible that the carbohydrate composition of NP1 - NP7 
reflects polysaccharides extra ctable with aqueous ethanol solutions and 
immunostimulatory ones would be present as a structural class within this group. 

30 This interpretation is supported by the observation that material obtained with hot 

water extraction (NP8 and NP9) has a very different carbohydrate profile than 

NP16847 preparations isolated using aqueous ethanol extraction (NP1 - NP7); 

The predominant glycosyl residue from both pre- and post-ultrafiltrate material 

obtained from hot water extraction of AFA was glucose (Table 5). Another 
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distinguishing characteristic of NPB and NP9 is the lower percent composition of 
rhamnose as compared with NP 16847 material isolated using aqueous ethanol 
extraction. 

EXAMPLE 45 — Extraction with 60% methanol at 65'C and direct 60% alcohol 
5 p re ctpHation 

One g of freeze-dried AFA was extracted at B5"C wtth 60% methanol, first 
• with 7.5mLs for 1 hour and then with 6.25mLs for 1 hour. Supematants from bath 
extractions were combined (11.5mLs) following centrifugation. The methanol 
concentration of the supernatant was adjusted to 80% by Uie addition of cold 

10 100% methanol. Following incubation at -20°C for several hours, precipitates 
were collected by centrifugation and subsequently washed with cold 95% 
ethanol. The isolated material was dried under vacuum and dissolved in water at 
10mg/mL- This extraction procedure resulted in 1.8% recovery of pre-uttrafTrtrate 
NP16847 preparation and an ECso value of 75ng/mL in the monocyte activation 

15 assay. 

FXAMPLE 46 — Extraction with 40% isooropanol at GSTO and d irect 80% alcohol 
precipitation 

One g of freeze-dried AFA was extracted at 65°C wfth 40% isopropanol, 
first with 7.5mLs for 1 hour and then with 6.25mLs for 1 hour. Supematants from 

20 both extractions were combined (11.5mLs) following centrifugation. The 
isopropanol concentration of the supernatant was adjusted to 80% by the addition 
of cold 100% csopropanol. Following incubation at -20"C for several hours, 
precipitates were collected by centrifugation and subsequently washed with cold 
95% ethanol. The isolated material was dried under vacuum and dissolved in 

25 water at 10rng/mL This extraction procedure resulted in 12.0% recovery of pre- 
uttrafirtrate NP 16B47 preparation and an ECso value of 100ng/mL in the monocyte 
activation assay. 

EXAMPLE 47 — Extraction with 100% ethanol by reflux and precipitation bv 
coolino to -20* C 

3D one g of freeze-dried AFA was extracted by reflux using 100% ethanol, 

first with B.OmLs for 1 hour and then with 6.50mLs for 1 hour. Supematants from 

both extractions were combined (1 1 .OmLs) following centrifugation. Combined 

supernatant was then stored at -20°C for several hours and prectpltable material 
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removed by centrffugation. Precipitate was subsequent^ washed with washed 
with cold 95% ethanol. The isolated material was dried under vacuum end 
dissolved in water at 10mg/mL. This extraction procedure resulted in 0.68% 
recovery of pre-ultrafittrate NP 16847 preparation and an EC OT value of about 
5 750ng/mL In the monocyte activation assay. 

FXAMPUE 48 — Extraction of immunostimulatorv polysaccharid e material using 
aqueous alcohol from other food-grade microaloae (CMoreJta a nd Spiruiina) 

The process of obtaining NP16847 from AFA using an initial extraction 
with aqueous alcohol, under optimal conditions, results in a preparation that is 20 

10 times more active than material obtained using a hot water extraction (EC OT 
values for monocyte activation of 25ng/mL verses SOOngftnL respectively). 

The same aqueous alcohol extraction procedure can also be applied to 
other food-grade microalgae to obtain preparations that are enriched for 
immunostimulatory polysaccharides. For example, previous patents (16,17.27) 

15 have reported that CWore//a species and Spiruiina species contain 
immunostimulatory polysaccharides that am extracted using hot water. However, 
axtraction with aqueous alcohol (instead of hot water) results m selective 
enrichment for polysaccharides that are immunostimulatory and thereby results in 
preparations from these organisms that exhibit superior biological activity as well 

20 as a higher percent recovery of active material (see experiments below). 

The following food-grade mlcroalgae were used in these experiments: 
Chlorefla pyrunoidosa (Sun Chlcrelte, Lot No. WS 1422) and Spiruiina platensis 
(Nature's Way. Lot No. 912091). All polysaccharide preparations represent pre- 
uKraffltrate material. For preparation of hot water extracts, 1g of freeze-iiried 

25 microalgae was extracted once with 20mLs of water at 95° C for 30 minutes. Hot 
water extracts were adjusted to 80% ethanol ahd incubated at -20°C overnight 
The precipitate collected from Chforalla represented a recovery of 13.2% and an 
ECso value of 1 t 000ng/mL- The precipitate collected from Spiruiina represented a 
recovery of 16.5% and an ECso value of 10,00Dng/mL for monocyte/macrophage 

30 activation. 

Aqueous ethanol extracts were prepared by systematically changing both 
temperature and solvent concentration (percent ethanol In water) used during the 
initial extraction. The endpoints of percent recovery and ECso value for 
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macrophage activ at ion were used to determine optimal conditions for preparation 
of immunostimulatory polysaccharide material. ChforeJJa and Spimlina extracts 
were prepared using the following procedure. One g of freeze-dried microalgae 
was extracted at the appropriate temperature, first with 7.5mLs of aqueous 
5 ethanol solvent for 2 hours and then with 6.25mLs of aqueous ethanol solvent for 
2 hours. Supematants from both extractions were combined (11 ,3mLs) following 
centrifugatjon. The ethanol concentration of the supernatant was adjusted to 
80% by the addition of cold 100% ethanol. Following incubation at -20°C for 
several hours, precipitates were collected by centrifugatjon and subsequentiy 

10 washed with cold 95% ethanol. The isolated material was dried under vacuum 
and dissolved in water at lOmg/mL. 

The extraction conditions for both optimal recovery and specific activity of 
imrnunostimulatDry polysaccharide preparations from Chlomlta and Spirufina 
were similar to the optimal conditions (60°C - 70*C at 50% ethanol) for extraction 

IS of NP16847 from AFA. For C/j/orete, optimal conditions for preparation of 
Immunostimulatory polysaccharide material involve an initial extraction with 50% 
ethanol at 70'C. This condition yields a pre-ultrafittrate recovery of 6.5% with an 
ECso value of 25ng/mL. For SpfrufinB, optimal conditions for preparation of 
Immunostimulatory polysaccharide material involve an initial extraction with 40% - 

20 50% ethanol at temperatures between 50*C and 70°C. These conditions yield 
pre-ultrafiltrate recoveries of about 9.0% with ECso values of 500ng/mL. By 
comparison, although hot water extracts result in recoveries of about 2 times 
more material, they are 20 to 40 times less active than the preparations obtained 
using optimal extraction conditions with aqueous ethanoL 

25 In summary, a simple and effective isolation procedure for optimal 

recovery of NP 16847 from AFA was developed. The optimal extraction method 
for the pre-ultrafiltrate NP16B47 preparation is a direct alcohol precipitation (80% 
at -20° C) from two pooled extracts of 1 hour each using 50% ethanol at 60°O 
70°C. This pre-ultrafiltrate NP 18847 preparation represents 11% recovery of 

30 AFA dry weight Using one additional step involving ultrafiltration to exclude aD 
material below 100.000 daltons, a relatively puna preparation of NP16847 
polysaccharides can be obtained with recoveries between 4.5% and 5.6%. Both 
pre- and post-ultratTltrate preparations have approximately the same ECso value 
(25ng/mL tor pre-uKrafiltrBte and 20ng/mL for post-uttratTltrate). In comparison 
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wtlh the NP 16847 material obtained in Example 1 {70% ethanol extraction at 
40°C), this optimized posMiltrafiltrate preparation contains between 7.5 and 9.3 
times more NP16847 with 5 times greater activity. This procedure is well suited 
for both a preparation of a dietary supplement (botanical) extract as well as a bulk 

5 pharmaceutical product 

The same process described for obtaining Immunostfmuiatory 
polysaccharide compositions (NP16B47) from AFA microalgae can be used to 
obtain preparations from other microalgae (which indudB Ohlorella species and 
SplruUna species) that are enriched for immunostSmulatory polysaccharides (for 

1D example that activate monocytes/macrophages). The unique carbohydrate 
composition of ail three microalgae polysaccharide preparations allows the use of 
a procedure that selectively enriches for those that are immunosfimulatory. 
These polysaccharides are extracted very poorly using the traditional hot water 
extraction procedure. Hot water preparations are 20 to 40 times less active than 

15 those using the optimized procedure. 

Pharmaceutical Formulations 

The present invention further includes low cost bulk polysaccharide 
preparations. The microalgae from which these polysaccharide preparations are 
isolated can be grown in tanks similar to current commercial methods that 

20 cultivate these microalgae for human consumption. TWs means that there would 
not be a supply problem, which Is often a major issue for drxig development of 
compounds isolated from natural products. The instant polysaccharide 
preparations exist In high concentrations (between B.5% and 11% of microalgaB 
dry weight) and can be isolated using the simple, fast and low-cost techniques of 

25 the present invention. 

Since the present polysaccharide preparations are useful as agents for 
immunotherapy in the treatment of Immunodeficiency disorders, cancer, wound 
healing and infectious diseases, the present invention includes pharmaceutical 
compositions containing the instant polysaccharide preparations optionally in 

3D combination with acceptable pharmaceutical carriers or exdpients. 

Pharmaceutical compositions suitable for use in the present invention 
include compositions wherein the active ingredients are contained in an effective 
amount to achieve its intended purpose. More specifically, a therapeutically 
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effective amount means an amount effective to prevent development of or to 
alleviate the existing symptoms of the subject being treated. Determination of the 
effective amounts is well within the capability of those skilled in the art especially 
in light of the detailed disclosure provided herein. 
5 The amount of composition administered will be dependent upon the 

condition being treated, the subject being treated, on the subjects weight, the 
severity of the affliction, the manner of administration and the judgment of the 
personalizing physlclaru 

The pharmaceutical compositions of the present invention may be 
10 manufactured in a manner that Is itself known, e.g.. by means of conventional 
mixing, dissolving, granulating, dragee-making, levigating, emulsifying, 
encapsulating, entrapping or lyophilizing processes. 

Pharmaceutical compositions for use in accordance with the present 
invention thus may be formulated in conventional manner using one or more 
15 physiologically acceptable carri ere comprising excipients and auxiliaries which 
facilitate processing of the compositions compounds into preparation which can 
be used pharmaceutJcalry. Proper formulation is dependent upon the route of 
administration chosen. 

For injection, the agents of the invention may be formulated in aqueous 
20 solutions, preferably in physiologically compatible buffers such as Hanks solution. 
Ringer's solution, or physiological saline buffer. For transmucosal administration, 
penetrants appropriate to the barrier to be permeated are used in the formulation. 
Such penetrants are generally known in the art. 

For oral administration, the compositions can be formulated readily by 
25 combining the active compositions with pharmaceutical^ acceptable carriers well 
known in 'the art Such earners enable the compounds of the invention to be 
formulated as tablets, pills, dragees, capsules, Dquids. gels, syrups, slurries, 
suspensions and the like, for oral Ingestion by a patient to be treated. 
Pharmaceutical preparations for oral use can be obtained solid excipient, 
30 optionally grinding a resulting mixture, and processing the mixture of granules, 
after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores. 
Suitable excipients are. In particular, fillers such as sugars, including lactose, 
sucrose, mannrtol, or sorbitol; cellulose preparations such as. for example, maize 
starch, wheat starch, rice starch, potato starch, gelatin, gum tragacanth, methyl 
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cellulose, hydroxypropylmethyl-cellulose, sodium carboxyrnethylcellulose. and/or 
polyvinylpyrrolidone (PVP). 

If desired, disintegrating agents may be added, such as the cross-linked 
polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof such as sodium 
5 alginate. 

Dragee cores are provided with suitable coatings. For this purpose, 
concentrated sugar solutions may be used, which may optionally contain gum 
arable, talc, polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, and/or 
titanium dioxide, lacquer solutions, and suitable organic solvents or solvent 
10 mixtures. Dyestuffis or pigments may be added to the tablets or dragee coalings 
for identification or to characterize different combinations of active compound 
doses. 

Pharmaceutical preparations which can be used orally include push-fit 

capsules made of gelatin, as well as fit, sealed capsules made of gelatin and a 

15 plastidzer, such as glycerol or sorbitol. The push-frt capsules can contain the 

active ingredients in admixture with filler such as lactose, binders such as 

starches, and/or lubricants such as talc or magnesium stearate and, optionally. 

stabilizers. In soft capsules, the active compounds may be dissolved or 

suspended in suitable liquids, such as fatty oils, liquid paraffin, or liquid 

20 polyethylene glycols. In addition, stabilizers may be added. All formulations for 

oral administration should be in dosages suitable for such administration. 

For buccal administration, the compositions may take the form of tablets or 

lozenges formulated In conventional manner. 

For administration by inhalation, the compositions for use according to the 

25 present invention are conveniently delivered in the form of an aerosol spray 

presentation from pressurized packs or a nebulizer, with the use of a suitable 

propel I ant e.g., dichforcKJrfluoromethane, trichlorofluoromethane, 

dichlorotetrafluoroethanei carbon dioxide or other suitable gas. In the case of a 

pressurized aerosol the dosage unit may be determined by providing a valve to 

30 deliver a metered amount Capsules and cartridges of e.g., gelatin for use in an 

Inhaler or insufflator may be formulated containing a power mix of the compound 

and a suitable powder base such as lactose or starch. 

The compositions may be formulated for parenteral administration by 

injection, e.g., by bolus injection or continuous infusion. Formulations for 
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injection may be presented In unit dosage form, e.g„ in ampoules or in multiclose 
containers, with an added preservative. The compositions may take such forms 
as suspensions, solutions or emulsions in oily or aqueous vehicles, and may 
contain formulatory agents such as suspending, stabilizing and/or dispersing 
5 agents. 

Pharmaceutical formulations for parenteral administration include aqueous 
solutions of the active compounds in water-soluble form. Additionally, 
suspensions of the active composition may be prepared as appropriate oily 
injection suspensions. Suitable lipophilic solvents or vehicles Include fatty oils 
10 such as sesame oil, or synthetic fatty add* esters, such as ethyl oleate or 
triglycerides, or liposomes. Aqueous injection suspensions may contain 
substances which Increase the viscosity of the suspension, such as sodium 
carboxym ethyl cellulose, sorbitol, or dextran. Optionally, the suspension may 
also contain suitable stabilizers or agents which increase the solubility of the 
1 5 compounds to allow for the preparation of highly concentrated solutions. 

Alternatively, the active ingredient may be in powder form for constitution 
with a suitable vehicle, e.g.. sterile pyrogervfree water, before use. 

The compositions may also be formulated in rectal compositions such as 
suppositories or retention enemas, e.g., containing conventional suppository 
20 bases such as cocoa butter or other glycerides. 

In addition to the fomiulations described previously, the compositions may 
also be formulated as a depot preparation. Such long acting formulations may t>e 
administered by implantation (for example subcutaneously or intramuscularly) or 
by intramuscular injection- Thus, for example, the compositions may be 
25 formulated with suitable polymeric or hydrophobic materials (for example as an 
' emulsion in an acceptable oil) or ion exchange resins, or as sparingly soluble 
derivatives, for example, as a sparingly soluble salt 

The pharmaceutical compositions also may comprise suitable solid or gel 
phase" carriers or excipients. Examples of such carriers or exdpients Include but 
30 are not limited to calcium carbonate, calcium phosphate, various sugars, 
starches, cellulose derivatives, gelatin, and polymers such as polyethylene 
glycols. 

Suitable routes of administration may, for example, include oral, rectal, 

transmural transdermal, or Intestinal administration, parenteral delivery, 
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Including Intramuscular, subcutaneous, intramedullary injections, as well as 
intrathecal, direct Intraventricular, intravenous, Intraperitoneal, intranasal, or 
intraocular injections. 

Alternatively, one may administer the composition In a local rather than 
5 systemic manner, for example, via injection of the compound directly into an 
affected area, often in a depot or sustained release formulation. 

Furthermore, one may administer the drug in a targeted drug delivery 
system, for example, in a liposome coated with an antibody specific for affected 
cells. The liposomes will be targeted to and taken up selectively by the cells. 
10 The compositions may, if desired, be presented in a pack or dispenser 

device which may contain one or more unit dosage forms containing the active 
ingredient. The pack may for example comprise metal or plastic fail, such as a 
blister pack The pack or dispenser device may be accompanied by Instructions 
for administration. Compositions comprising a composition of the invention 
15 formulated in a compatible pharmaceutical carrier may also be prepared, placed 
in an appropriate container, and labeled for treatment of an indicated condition. 
Suitable conditions indicated on the label may include treatment of a disease. 
Dietary Supplements 

Dietary supplements suitable for use in the present invention include 
20 compositions wherein the active ingredients are contained in an effective amount 
to achieve its intended purpose. More specifically, an effective amount means an 
amount effective to prevent development of or to alleviate the existing symptoms 
of the subject being treated. Determination of the effective amounts is well within 
the capability of those skilled in the art, especially in light of the detailed 
25 disclosure provided herein. The amount of composition administered will be 
dependent upon the condition being Heated, the subject being treated, on the 
subjects weight, the severity of the affliction, the manner of administration and the 
judgment of the personalizing physician. 

The ingredients of the dietary supplement of this invention are contained in 
30 acceptable excipients and/or carriers for oral consumption. The actual form of 
the carrier, and thus, the dietary supplement itself, may not be critical. The 
earner may be a liquid, gel. geicap, capsule, powder, solid tablet (coated or non- 
coated), tea or the like. Suitable excipient and/or carriers indude maJtodextrin, 

calcium carbonate, dicalcium phosphate, tricalcium phosphate. microcrystallinB 
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cellulose, dextrose, rice flour, magnesium stearate, stearic acid, croscarmeflose 
sodium, sodium starch glycolate. crospovidone, sucrose, vegetable gums, agar, 
lactose, methyl cellulose, povidone. carboxymethylcellulose, com starch, and the 
like (including mixtures thereof). The various ingredients and the excipient and/or 

5 earner are mixed and formed into the desired form using conventional 
techniques. Dose levels/unit can be adjusted to provide the recommended levels* 
of Ingredients per day In a reasonable number of units,. 

The dietary supplement may also contain optional ingredients including, 
for example, herbs, vitamins, minerals, enhancers, colorants, sweeteners, 

10 flavorants. Inert Ingredients, and the like. Such optional ingredients may be either 
naturally occurring or concentrated forms. Selection of one or several of these 
ingredients is a matter of formulation, design, consumer preference and end- 
user, The amounts of these ingredients added to ttie dietary supplements of this 
invention are readily known to the skilled artisan. Guidance to such amounts can 

15 be provided by the U.s; RDA doses for children and adutts. 
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What ?s claimed: 

1. Immunostimulatory preparations Isolated from microalgae 
comprising polysaccharides extractable by a solvent comprising water or a 
mixture of water and at least one lower alkyl alcohol where the alKyl 
5 portion Is from 1 to 4 carbon atoms and where the active polysaccharides 
have apparent molecular weights above approximately 2 million dattons. 

- 2 . The immunostimulatary preparation of darm 1 wherein the 
immunostimulatory activity is manifested, by monocyte/macrophage 
activation. 

10 3, The immunostimulatoiy preparation of claim 1 wherein the 

mlcroalgae are those of Aphanizomenon flo&equae. 

4. The immunostimulatory preparation of claim 2 wherein the 
mlcroalgae are those of Aphanizomenon ffos-aguae. 

5. The immunostimulatory preparation of daim 1 wherein the 
1 5 microalgae are three of Chlorate pyranoidosa. 

6. The immunostimulatory preparation of cjalm 2 wherein the 
microalgae are those of Ghtorella pyreno/cfosa. 

7. The Immunostimulatory preparation of daim 1 wherein the 
microalgae are those of Spirulina platansia. 

20 a . The immunostimulatory preparation of daim 2 wherein the 

microalgae are those of Spintina platen^ 

9. ' The immunostimulatory preparation of claim 3 P wherein the 
glycasyl components of the active polysaccharides are substantially 
comprised of mannose, glucose, mamnose, galactose, fucose, methylated 

25 sugars and N-acetytatBd amino sugars. 

1 0. The immunostimulatory preparation of daim 4. wherein the glycosyl 
components of the active polysaccharides are substantially comprised of 
mannose. glucose, mamnose, galactose, fucose. methylated sugars and N- 

acetylated amino sugars. 

11. The immunostimulatory preparation of daim 5. wherein the glycosyl 
components of the active polysaccharides are substantially comprised of 
arabinose, galactose, rhamnose, glucose and methylated sugars. 
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12. The immunostimulatory preparation of claim 6. wherein thB glycosyl 
components of the active polysaccharides are substantially, comprised of 
arabinose, galactose, rhamnose, glucose and methylated sugars. 

13. The immunostimulatory preparation of claim 7. wherein the 
5 glycosyl components of the active polysaccharides are substantially 

comprised of rhamnose, glucuronic acid, fucose. galactose and 

methylated sugars. 

14. The immunostimulatory preparation of claim 8, wherein the glycosyl 
components of the active polysaccharides are substantially comprised of 

1 0 rhamnose. glucuronic acid, fucose, galactose and methylated sugars. 

15. A pharmaceutical composition comprising the 
immunostimulatory preparations of any one of dams 1-14 and a 
pharmaceutical^ acceptable carrier or exdpient 

16. A dietary supplement comprising the immunostimulatory 
1 5 preparations of any one of daims 1-14 and an acceptable carrier or exdpient for 

dietary supplements. 

17. A method of enhandng immune function in an individual in need of 
such treatment, comprising administering to said Individual an effective amount of 
the pharmaceutical composition of daim 15. 

2 0 18 . The method of daim 17, wherein the individual is suffering from a 

viral, bacterial or fungal infection. 

19. The method of daim 17. wherein the individual is suffering from 

cancer. 

20. The method of daim 17, wherein the individual is suffering from an 

25 immune defidency. 

21 . The method of daim 17, wherein the indvidual is a human being. 

22. The method of daim 17, wherein the individual is an animal. 

23. A method of enhandng immune function in an individual in need of 
such treatment, comprising administering to said individual an effective amount of 

3D the dietary supplement of daim 1 6. 

24. The method of daim 23. wherein the individual is suffering from a 
viral, bacterial or fungal infection. 

25 jne method of daim 23, wherein the Individual Is suffering from 

cancer. ^ 
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26. The method of claim 23. wherein the individual is suffering from an 
immune deficiency. 

27. The method of daim 23, wherein the individual is a human being. 

28. The method of daim 23. wherein the Individual Is an animal. 

5 29. A process to obtain a preparation from food-grade microalgae 

enriched for immunostimulatory polysaccharides, comprising the steps of: 

(a) produdng an extract by extracting the microalgae with a solvent 
comprising water or a mixture of water and at least one lower alkyl alcohol where 
the alkyl portion is from 1 to 4 carbon atoms at an extraction temperature of 

10 between about 4 degrees C to 100 degrees C: 

(b) optionally concentrating the extract to a small volume where a large 
volume makes a concentration step desirable; 

(c) precipitating the polysaccharide preparation out of the extract by 
precipitation means; 

^5 (<j) separating the preripitated polysaccharide preparation by 

separation means; and 

(a) washing the predprtate of (d) with 95% alcohol. 

30. The process of claim 29 wherein the alcohol used in the extraction 
is ethanol. 

20 31. The process of claim 29 wherein the alcohol used in the extraction 

is methanol. 

32. The process of daim 29 wherein the alcohol used in the extraction 
is isopropanol or propanol. 

33. The process of any one of claims 29-32 wherein thB preferred 
25 alcohol concentration in (a) is from 20-80%. 

34. The process of any one of daims 29-32 wherein the preferred 
temperature of extraction is between 40 and 80 degrees C. 

35. The process of any one of daims 29-32 wherein the microalgae are 
those of Aphanizomenon fios-aquae. 

30 36. The process of any one of daims 29-32 wherein the microalgae are 

those of Ch/oretfa pymnidosa. 

37 # Tft e process of any one of daims 29-32 wherein the microalgae are 
those of Spirulina platensis. 
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33 yhe process of any one of claims 29-32 wherein the concentration 
step (b).is carried out (when needed) by evaporation of the solvent, preferably 

under reduced pressure. 

39. The process of any one of claims 29-32 wherein the concentration 
5 step (b) is carried out (when needed) by freeze drying. 

40. The process of any one of claims 29-32 wherein the concentration 
step (b) is carried out (when needed) by dialysis. 

41 . The process of any one of claims 29-32 wherein the polysaccharide 
preparation is precipitated in step (c) by the addition of ethanol to a final 

1 0 concentration of about 80% ethanol. 

42. The process of any one of claims 29-32 wherein the polysaccharide 
preparation is precipitated in step (c) by cooling the extract 

43. The process of any one of claims 29-32 wherein the polysaccharide 
preparation is precipitated in step (c) by the addition of a salt 

15 44. The process of claim 43 wherein the salt is ammonium sulfate. 

45, The process of any one of claims 29-32 wherein the precipitated 
polysaccharide preparation is separated in step (d) by filtration. 

46. The process of any one of claims 29-32 wherein the precipitated 
polysaccharide preparation is separated in step (d) by centrifugation. 

20 47- The process of any one of daims 29-32 wherein the precipitated 

polysaccharide preparation is washed in step (e) by 95% ejhanoi. 

48. The process of any one of claims 29-32 further comprising purifying 
the precipitate by dissolving the precipitate In water and removing substantially all 
components of less than approximately 100,000 daltons molecular mass by 

25 ultrafiltration. 

49. The process of any one of daims 29-32 further comprising purifying 
the precipitate by dissolving the predpitate in water and amoving substantially all 
components of less than approximately 2 million daltons molecular mass by size 

. exdusion column chromatography. 

50. A method of treating an individual with an immunostimutatory 
polysaccharide preparation in order to provide to the individual a stimulation of 
monocyte/macrophage activity comprising administering to the individual an 
effective amount of a polysaccharide preparation extracted from food-grade 
microalgae in combination with an acceptable earner. 
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51. The method of claim 50 wherein the immunostimulatory 
polysaccharide preparation is administered to enhance wound healing. 

52. The method of dafm 50 wherein the Immunostirnulatory 
polysaccharide preparation is administered to treat cancer. 

5 53. The method of claim 50 wherein the lmmunosGmulatory 

polysaccharide preparation is administered to treat Immune deficiency. 

54. The method of claim 50 wherein the immunostimulatary 
polysaccharide preparation is administered to treat a viral, bacterial or fungal 
infection. 

10 55- The method of claim 50 wherein the individual is a human being. 

56. The method of claim 50 wherein the individual is an animal. 

57. The method of dairn 50 wherein the microalgae are those of 
Aphanizomenon ffos-aquaB. 

58. The method of dalm 50 wherein the microalgae are those of 

1 5 Chtoretta pyrenoidosa. 

59. The method of daim 50 wherein the microalgae are those of 

Spirvfina ptatensfs. 

60. The process of daim 33 wherein the microalgae are those of 

Aphanfzomanon flos-eguae. 
20 61# jhe process of claim 33 wherein the microalgae are those of 

Chioretta pyremdosa. 

62. The process of daim 33 wherein the microalgae are those of 

Spirvlina p/afens/s. 

63. The process of dalm 33 wherein the preferred temperature of 

25 extraction Is between 40 and 80 degrees C. 

64. The process of daim 33 wherein the concentration step (b) Is 
carried out (when needed) by evaporation of the solvent preferably under 
reduced pressure. 

65. The process of daim 33 wherein the concentration step (b) is 
30 carried out (when needed) by freeze drying. 

66. The process of dalm 33 wherein the concentration step (b) is 
carried out (whan needed) by dialysis. 
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67. The process of claim 33 wherein the polysaccharide preparation is 
precipitated in step (c) by the addition of ethanol to a final concentration of about 
80% ethanol. 

68. The process of claim 33 wherein the polysaccharide preparation is 
5 precipitated in step (c) by the addition of a salt 

69. The process of claim 68 wherein the salt is ammonium sulfate. 

70. The process of claim 33 wherein the polysaccharide preparation is 
precipitated in step (c) by cooling the extract 

71. The process of claim 33 wherein the precipitated polysaccharide 
1 0 preparation Is separated m step (d) by filtration, 

72. The process of daim 33 wherein the precipitated polysaccharide 
preparation is separated In step (d) by centrifugation. 

73. The process of claim 33 wherein the precipitated polysaccharide 
preparation is washed in step (e) by 95% ethanol. 

15 74. The process of claim 33 further comprising purifying the precipitate 

by dissolving the precipitate in water and removing substantially all components 
of less than approximately 100,000 daltons molecular mass by ultrafiltration. 

75. The process of daim 33 further comprising purifying the precipitate 
by dissolving One predpttate in water and removing substantially. all components 

20 of less than approximately 2 million daltons molecular mass by size exdusion 
column chromatography. 

76. The "process of daim 34 wherein the microalgae' are those of 
Aphanrzomenon flos-agvae. 

77. The process of daim 34 wherein the microalgae are those of 

25 Cbforefla pywnitfvsa. 

78. The process of claim 34 wherein the microalgae are those of 

SpiruimB pfatensfs. 

79. The process of daim 34 wherein the concentration step (b) is 
earned out (when needed) by evaporation of the solvent preferably under 

30 reduced pressure, 

80. The process of daim 34 wherein the concentration step (b) is 
carried out (when needed) by freeze drying- 

81. The process of claim 34 wherein the concentration step (b) Is 
carried out (when needed) by dialysis. 
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82. The process of claim 34 wherein the polysaccharide preparation Is 
precipitated in step (c) by the addition of ethanol to a final concentration of about 
80% ethanol. 

83. The process of claim 34 wherein the polysaccharide preparation Is 
5 precipitated in step (c) by the addition of a salt 

84. The process of claim 83 wherein the salt is ammonium sulfate. 

85. The process of claim 34 wherein the polysaccharide preparation is 
precipitated in step (c) by cooling the extract 

86. The process of claim 34 wherein the precipitated polysaccharide 
10 preparation is separated in step (d) by filtration. 

87. The process of claim 34 wherein the precipitated polysaccharide 
preparation is separated In step (d) by centrifugatjon. 

88. The process of claim 34 wherein the precipitated polysaccharide 
preparation Is washed in step (e) by 95% ethanol. 

15 gg. The process of claim 34 further comprising purifying the precipitate 

by dissolving the precipitate in water and removing substantially all components 
of less than approximately 100.000 daftons molecular mass by ultrafiltration. 

90. The process of claim 34 further comprising purifying the precipitate 
by dissolving the precipitate in water and removing substantially all components 

Z0 of less than approximately 2 million daltons molecular mass by bizw ^Allusio n 
column chromatography. 
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Table 1. Glycosyl composition and linkage analysis for isolated polysaccharide 
preparation NP16847 from AFA microalgae obtained using extraction procedure in 
Example 1. Data obtained from one experiment 



Glycosyl Residue Mole% Glycosyl Linkage % total ar^a 



Mannose ' 


16.0 


2-Mannosa/3-Mannose 


13.4 


Glucose 


13.1 


4-Rhamnose/T-Mannose 


10.6 


4-Me-Mannose 


11.2 


2-Rhamnose 


7.6 


Rhamnose 


10.3 


T-Rhatnnose 


7.5 


2-Me-Rhamnose 


8.1 


3-Rhamnose 


6.9 


Galactose 


8.0 


2-Glucose 


5.3 


Fucose 


7.0 


2-Galactose 


4.8 


N-Acetyt Galactosamine 


7.0 


2-Fucose 


4.7 


N -Acetyl Glucosamine 


5.8 


3.4-Fucose 


4.5 


Xylose 


4.8 


4-Glucose 


4.4 


2-Me-Fucose 


3.1 


3-Xylose 


4.4 


3-Me-Galactose 


2.6 


4-Fucose/T-Galactose , 


4.3 


3-Me-Arabinose 


1.8 


T-Xylose 


3.2 


Arabinose 


1.6 


unidentified 


2.7 


2,3-diMe-Arabinose 


1.2 


T-Fucose 


2.5 






4-Mannose 


2.2 






2-Arabinose (pyranose) 


2.1 






4-Galactose 


2.1 






2.3,6-Galactose 


2.1 






3-Galactose 


1.4 






3 1 5-Arabinose(0/3,4-Arabinose(p) 


1.3 






2,6-Glucose 


1.2 






6-Mannosa 


0.6 



Note: Methyl groups are represented by "Me\ All glycosyl linkages are also 1 -linked 
unless otherwise specified. Glycosyl abbreviations represent the following: "T* for 
terminal linkage, T forfuranose. and m pr for pyranose. Presence of two glycosyl units 
indicates co-elution of components during analysis. 
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Table 2. Glycosyl composition and linkage analysis for isolated polysaccharide 
preparation NP16848 from Chlorefla pyrenoidosa microalgae obtained using extraction 
procedure in Example 2. Data obtained from one experiment 



Glycosyl Residue 



Mo!e% 



Glycosyl Linkage 



% total area 



Arabinose 


31.6 


T-Galactose (furanose) 


12.2 


Galactose 


26.8 


2-Glucose 


9.2 


Rhamnose 


12.4 


6-Galactose (pyranose) 


8.5 


Glucose 


5.4 


2,3-Rhamnose 


8.4 


3-Ma-Arabinose 


3.0 


T-Glucose 


5.9 


3-Me-Mannose 


2.5 


T^Arabinose (furanose) 


5.5 


Xylose 


2.4 


2-Arabinose (furanose) 


5.4 


4-Me-Arabinose 


■ 2.4 


3, 6-Galactose 


5.1 


Mannose 


2.3 


2,3,6-Galactose 


4.9 


Ribose 


1-9 


T-Mannose/3-Rha/4-Rha 


3.7 


2,4-diMe-Arabinose 


1.3 


2,3-Arabinose (furanose) 


3.3 


3-Me-Galactose 


1.2 


T-Arabinose (pyranose) 


2.8 


3-Me^Xylose 


0.9 


6-Galactose (furanose) 


2.6 


3-Me-Rhamnose 


0.9 


3-Hexose (furanose) 


2.4 


3,5-diMe-hexose 


0.9 


3-Galactose 


2-3 


6-Me-Galactose 


0.7 


2-pento (furanose) 


2.1 


Glycerol 


0.5 


4-GIucosa/2,4-Ara(p)/2 f 5nAra(fJ 


2.1 


2-keto-3-deoxy-Octulosonic acid 


0.5 


T-Xylose (pyranose) 


1.8 


2 l 3,64riMe-Mannose 


0.4 ' 


4,6-Galactase 


1.9 


3,6-diMe-Mannose 


D.4 


4-Galactose 


1.9 


2,3-diMe-Mannose 


0.4 


3.4-GaIactose . 


1.7 


2-Me-Galactose 


0.4 


T-Galactose (pyranose) 


1.4 


N -Acetyl Galactosamine 


0.3 


3-pentose (furanose) 


1.3 


N-Acetyl Glucosamine 


0.3 


3,4-Rhamnose 


1.1 


amino sugar 


0.3 


2-Mannos9/3-Mannase 


1.1 




3-Arabinose (furanose) 


1.0 






2,6-Glucose 


0.5 



Note: Methyl groups are represented by "Me". All glycosyl linkages are also 1 -linked unless 
otherwise specified. Glycosyl abbreviations represent the following: "Rha" for rhamnose, 
"Ara" for arabinose, "T for terminal linkage, T for furanose, and u p" for pyranose. 
Presence of two or three glycosyl units indicates co-elutjon of components during analysis. 
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Table 3. Glycosyl composition and linkage analysis for isolated polysaccharide 
preparation NP 16846 from Spirvlina pfatensis microalgae obtained using extraction 
procedure in Example 3. Data obtained from ona experiment 



Glycosyl Residue Mole% Giycosyf Linkage % total area 



Rhamnose 


35.4 


3-Rhamnose/T-Glucuronic Acid 


25.8 


Glucuronic acid 


9.7 


4-Galactose 


7.8 


Fucose 


7.7 


4-Glucuronic acid 


7:3 


Galactose 


7.1 


3,4-Giucuronic acid 


6.9 


2-Me-Rhsmnose 


5.9 


2-Rhamnose 


5.7 


Xylose 


5.5 


3-Fucose 


5.1 


3-Me-Rhamnose 


4.2 


2,3-Rhamnose 


4.9 


3-Me-Xylose 


4,2 


T-Xylose (pyranose) 


4.8 


4-Me-Rhamnose 


3.9 


4,6-Galactose 


4.3 


Glucose 


3.6 


T-Rhamnose 


4.2 


Mannose 


2.4 


3,4-Fucose 


3.1 


Galacturonic acid 


2.0 


3,4-Galacturonic Acid 


2.4 


3-Me-Galactose 


2.(5 


2-Mannose/3-Mannose 


22 


Arabinose 


1.B 


4-Fucose 


22 


amino sugar 


1.5 


T-Fucose 


22 


2,3-cfiMe-Fucose 


1.2 


3,4-Rharnnose 


2.1 


N-Acety! Glucosamine 0.9 


2-Gtucose 


1.5 


2-Me-Glueose 


0.5 


2,3-Mannose 


1.4 


Glycerol 


0.4 


3-Glucose 


1.2 




3 -Galactose 


1.1 






. 4-Mannose 


1.0 






6-Mannose 


0.8 






2,6-6^0056/4,6-6^056 


0.8 






3-Xylose 


0.7 






4-Xylose 


0.6 



Note: Methyl groups are represented by "Me" and terminal glycosyl linkages are 
represented by 'T\ All glycosyl linkages are also 1 -linked unless otherwise specified. 
Presence of two glycosyl units indicates co-eiution of components during analysis. 



63 



27/01 2005 17:55 FAX 33320384 



HO I BERG A/S 



EPO MONCHEN 



1011 



WO 02A)4000 



PCT/US01/21770 



Table 4. The influence of temperature and ethanol concentration used during the initial 
extraction of AFA on percent recovery and specific activity of NP16847 polysaccharide 
preparation. 



80°C 



70°C 

T 

e 

m 60-c 

P 

e 

r we 

a 

t 

U 4D-C 

r 

e 

23°C 



Percent ethanol concentration 

30% EtOH 40%EtOH 50% EtOH 60% EtOH 70% EtOH 



11.9 

T5ngfmL 

11.0 

T5ngfmL 

10.5 

lOOngAnL 



12.6 

SOngfmL 25ngfmL 



11.7 11.2 7.6 

25ng/mL SOngfmL 



11.1 

SOngfmL 

10.8 

50ng/mL 



10.9 10.3 

lOOngfmL lOOngfmL 

13.8 10.7 

lOOngfmL lOOngfmL 



13,7 

200ngfmL 



11.4. 

>250pgfmL 



10.2 

2SngfmL 

10.8 

2SngfmL 

9.4 

TSngfmL 
8.9 

lOOngfmL 

9.1 

200ngfmL 



10.0 

50ngfmL 

9.5 

lOOngfmL 

9.4 

lOOngfmL 
8.4 

200ngfmL 
7.0 

>2S0ngfmL 



7.1 

75ng/mL 

7.1 

100n9&nL 
6.5 

lOOngfmL 
5.7 

200ngfmL 

4.5 

->ZS0ngfmL 



Legend 




XX.X 


Percent recovery 


XXng/mL 


EC 5 o value 
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Table 5, Glycosyl composition analysis of different NP16847 preparations isolated from 
AFA Data obtained from one experiment. 



MP1fifl4T Prsnaration 


NP7 


NP4 


NP5 




NP5 


NP1 


NP2 


NP8 


NP9 


C(**^. trsti iq fnnftnl \ 

uv^d vdiuo ^ny/mi-^ 


in 


20 


2D 


25 


25 




500 


50D 


500 


G/toW Residua 










Mole% 










Arablnose 


3.1 


10.8 


8.4 


9.3 


7.8 


4.3 


15.7 


2.6 


4.2 


Rhamnose 


15.8 


12.8 


11.8 


14.4 


12.0 


12.4 


19.0 


5.1 


5.5 


Fucose 


o.a 


2.1 


1_3 


0,6 


1.1 


6.8 


3.0 


1.3 


1.8 


Xylose 


0.8 


1.3 


1.0 


0.9 


0.8 


2.2 


1.4 


0.7 


1.0 


Glucuronic add 


2.9 


1.1 


1.5 


2.3 


1.9 


2.8 


0.3 






Methylated Residues 


7.7 


7.5 


5.1 


6.2 


72. 


12.5 


8.7 


10.4 


12.0 


Mannose 


33.2 


22.1 


24.9 


29.7 


24.0 


19.9 


5.1 


9.0 


9.3 


Galactose 


6.3 


2.8 


3.8 


4.8 


4.1 


6.9 


0.8 


2.1 


22. 


Glucose 


9.8 


5.7 


8.0 


21.0 


15.8 


9.0 


2.9 


60.8 


56.5 


N-acetyl glucosamine 


4.2 


3.5 


4.6 




4.3 


4.5 


1.2 


3.5 


2.7 


N-acetyl galactosamine 


5.5 


10.8 


11.5 




7.5 


8.6 


15.8 


1.4 


1.5 


K-acstylated sugar 
















3.1 


3.3 


Unknown sugar (1) 


5.5 


10.4 


9.1 


8.B 


7.5 


4.2 


13.7 






Unknown sugar (2) 


0.4 


1.1 


0.8 


0.6 


0.7 


3.3 


1.9 






Unknown sugar (3) 


2.B 


8.0 


8.4 


1.4 


5.3 


2.6 


10.7 






Galacturonic acid 


1.4 



















#1 = Example 1 NP 16847 (post-ultrafittrate), extraction with 70% ethanot at 40°C 
#2 = New AFA batch NP 16847 (post-ultrafiltrate), Example 1 conditions 
#3 = PrB-ultrafiKrate NP16847. extraction with 50% ethanol at 60°C (Example 24} 
#4 = PostHJltraffltrate NP16847. extraction with 50% ethanol at 60°C (Example 24) 
#5 = Pre-ultrafiltrate NP16B47, extraction with 50% ethanol at 70°C (Example 25) 
. #6 = Post-ultrafiltrate NPl6847 r extraction with 50% ethanol at 70°C (ExarnplB 25) 
#7 = Marc material from extraction with 70% ethanol at 40°C ( NP16847 (post- 

ultrafiltrate) re-extracted with 50% ethanol at 60°C (Example 44) 
#5 = pre-ultrafiltrate material, extraction with 1 00% water at 95°C (Example 40) 
#9 = Post-ultrafiltrate material, extraction with 100% water at 95°C (Example 40) 
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Polysaccharide Preparation NP16847 (Example 1) 
75\xL injection at SOOfxgfmL 



Fig. 1. Size exclusion HPLC ckromatogram of polysaccharide preparation NP16847 
(Example 1), 75}iL injection at SOOfig/mL. 
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Polysaccharide Preparation NP16848 
200(xL injection at 125^g/mL 



(Example 2) 



Fig, 2. Size exclusion HPLC chroma to gram of polysaccharide preparation KP 16848 
(Example 2), 200jjlL injection at 125^ig/ml_ 



7/1 <F 



AT 



.97-01 -POOS 



n 



27/01 2005 17:56 FAX 33320384 



HO I BERG A/S 



«* EPO mOnchen 



@015 



WO 02/04000 



PCT/USO 1/2 1770 



> 2 million dattons 




Polysaccharide Preparation NP16846 (Example 3) 
200fxL injection at 35fzgfmL 



Flg. 3. Siz& exclusion HPLC chromatograin of polysaccharide preparation NP16846 
(Example 3), 200uL injection at 35\ig/wL. 
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1000 bp 
750 bp 



jtfe^' Mik£ 

' * \f***% , 












& k : '. : V. . 




ji 










M 


Ctl LPS 1 


2 


3 



IL-1P 



TNF-oc 



GAPDH 



Fig- 4. Microalgal polysaccharide preparations NP16847, NP1684B and NP 16846 
enhance proinflammatory cytokine mRNA production. RT-FCR resulte for IL-1P 
mRNA, TNF-a mRNA and GAPDH mRNA in THP-1 cells at 2 hours: control, bacterial 
LPS at 10fig/nJU (1) polysaccharide preparation NP16847 (Example 1) at O^g/mL, (2) 
polysaccharide preparation NP16846 (Example 3) at O.SygtaL, and (3) polysaccharide 
preparation NP16848 (Example 2) at 0 JjigtoL. 
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Aphanizomenon flos-aquae 
(freeze-dried microalgae) 



water extraction at 40°C 



100Qno/rnL = 47% activation 

loonsftnL =17* activation Crude Water Extract 

10naAnL= 3.3% aeilvalfon 



70% ethanof precipitation 

1 0OOng/mL o S.8% acflvato'an 



lOOngfmL = 1-4% activation 
1 0ng/mL s O.B% activation 



Supernatant 

100,000 Ultrafiltration 



\ 



Precipitate 

(Includes phycocyanln) 

1000noAnL^7l% ecfcvsUon 
100ng/mLci5% activation 
lOn^mL = 1 .6% activation 



< 100,000 daltons 

IDOOng/mL = 0.8% activation 
1 OOngftnL = 0>i% activalten 
1Qno/mLe0.1%i 



> 100,000 daltons 

(1.0% recovery) 
EC OT = l000ng/mL 




> 2 million daltons 



> 2 million daltons 




Material before ultrafiltration 
20O|j.l Injection (1mg/mL) 



Material > 100,000 daltons 
100^1 injection (1mg/mL) 



Fig. S. Flow chart showing protocol for hot water extraction at 40°C followed by 70% ethanol 
precipitation to remove phycocyanin material (Example 4). 
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Aphanizomenon flos-aquae 
(freeze-drled microalgae) 



water extraction at 40°C 



1 0QDngfrnL = 47% activation 

i vongfmL =17% activation Cru d e Water Extract 

lOngftnL = 3J3% activation 



ammonium sulfate precipitation 

1QQ0ng/rnL= 1.01% activation 



i oorvg/mL = ojs% activation 
1 0nflAnU = 0.1 8% acfivHfon 



Supernatant 

100,000 Ultrafiltration 



> 100,000 daltons 
(1.32% recovery) 
ECsq > 1 0OOng/mL 



Precipitate 
{includes phycocyanin) 

1 OOOngtaiL = 70% acbvation 
lOOnpftnLs? 17.7% activation 
1 0np/mL =3.4% activation 



< 100,000 daltons 

1O0ori0/friL= 0.7% activation 
1 0Ons/mL ■ 02% ocfltvatlan 
lon^AnL 0 0,2% activation 




• 2 million daltons j 
-4- 



> 2 million daltons 

1 



Material before ultrafiltration 
200yi injection (1 mg/mL) 




Materials 100,000 daltons 
100|4J injection (1 mg/mL) 



Fig. 6". Flow chart showing protocol for hot water extraction at 40°C followed by ammonium 
sulfate precipitation to remove phycocyanin material (Example 5). 
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Aphanizomenon flos-aquae 

(freeze-dried microalgae) 



water extraction at 70°C 



1 DODngftnL = 60% activation 
1 QOnp/mL o 22% activation Crude Water Extract 

lOnpfrnJ. o 7% activation 



Alcohol Precipitation, 1:2:3 
(water:methanol:ethanol) 



1 0OOryg/mL c 75% activation 
1 QOngfrnL e 2S% activation 
1 0ng'mL e 9% acttvatton 



1 



Precipitate 



100,000 Ultrafiltration 



> 1 00,000 dattons 

(1.74% recovery) 
ECgn s 200ng/mL 



Supernatant 



1OO0nn/mL = O^t aetfvatjon 
1 OQnpAnL = 0.6% ocTrvabon 
IQngfrnL = 0.6% activation 



< 100,000 da Hons 

lOoongfmL = 0.9% activation 
l oong/mL CS^ activaitoJi 
lOng/mL = actJvaUon 



> 2 mil lion daKotis 




Material before ultrafiltration 
200pJ Injection (1 mg/mL) 



> 2 million daltons 




Material > 100,000 daltons 
100(J injection (1 mg/mL) 



Fig. 7. Flow chart showing protocol for hot water extraction at 70°C (Example 6), 
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Aphanizomenon ftos-aquae 
(freeze-drled microaJgae) 



70% EtOH extraction, 40°C 



iQOOn^mL = 35% aefivaffon 
lODnc/mL o 9.B% activafinn 
lOnQftltt. =a 2.0% odivntion 



1 



Crude Extract 

Chloroform partition 



lOOOtigfrnL = 56% astivaCon 
lOnofrnL= 6% activation 



Water Layer 



Alcohol Precipitation, 1:2:3 
(wBtenmethanohethanol) 



1 0OOnQfaiL cs 93% Bc^vabon 
lOOnp/mL = 2G% aoiivafion 
TDntffrnL = 15% activation 



4 



Precipitate 



100,000 Uftrafiftration 



4 



> 100,000 daitons 

(1.97% recovery) 
EC^ = 200ng/mL 



Chloroform Layer 

lODOng/mL m *I3.B% aatfvallon 
100n©/mL= U% acfiwHtlon 
lOngfmL « 03% sdlvaUan 



Supernatant 

IQOOnn/mL e 1.3% activation 
lOOngfrnL « 03% aotivaftm 
l OnpAnL o 0,3% activation 



< 100,000 daitons 

iCDOngfmL m 0.9% activation 
1 0OnsyinL ~ 0.6% activation 
10ng/mL * OS% activation 



> 2 million daitons 



> 2 million daitons 
-4- 




Material before ultrafiltration 
200fJ injection (Img/mL) 




Material > 100,000 daitons 
100jil injection (1mg/mL) 



Ffe. 8. Flow chart showing protocol for 70% ethanol extraction at 40 0 C without butanol 
partidon (Example 7). 
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Aphanizomenon flos-aquae 

(freeze-dried rnlcroalgae) 



70% EtOH extractidn, 40°C 



i Doonc/lmL e= ee*> activailon 

lOOnptoL™ 9% activation 
1On0fmL a 3% adtvatjon 



i 



Crude Extract 
-20°C for several hours 



lOQQn^frnL es 71 % activaton 
1 OOnpfmL b 22% Bcfcva ban 
\OngfwL - 13% actMHton 



Precipitate 



95% ethanol wash 

IDDDflQfaLo acaNadon 
lOOdgftnL & S7% astivafion 
1 QngmiL o 1 b% acflvBtton 



Precipitate 



100,000 Ultrafiltration 



1 



> 100,000 daltons 
(1-2% recovery) 
EC OT = ZOOng/mL 



Supernatant 

lOCOng^mL = activation 
l0Cn9/mL= 1 .o% activation 
10ngrtr0, ~ D.B% scSvation 



Supernatant 

1 DOOnjymL = 1 B% acfivaflon 
IDOn^mL * 4* activation 
1Dno/mL= 1 JKfc activation 



< 100,000 daltons 



IDOn^tnL = D.7% aetfwXton 
1 QngAnL « 0.6% BcSvafion 



> 2 million daltons > 2 million daltorw? 




Material before ultrafiltration Material > 100,000 daltons Material >100,000 daltons 
200a! injection (1 mg/mL) lOOol injection (1 mg/mL) after chloroform partition 

Z5\xi injection (4mg/mL) 

Fig. 9. Flow chart showing protocol for 70% ethanol extraction at 40°C followed by direct 
ethanol precipitation (Example 8). 
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Aphanlzomenon flos-aquae 

(freeze-dried micro algae) 



70% EtOH extraction, 40°C 



1 QODog/mL = 28% ae&vailon 
lOOng&nL = 8% acBvsHar 
1 DnsfrnL ■ 3% actNotion 



Crude Extract 



adjust to 80% EtOH before -20*C 



1QD0niymL = 9O l X BciivaUon 
100ns^ltL=32% adhmUcn 
10n^mL= 13% aah/afien 



Precipitate 



95% ethanol wash 



lOOOnprtmL = 80% acUvatfon 
IQQnsAnL = zr% activation 
lOngfrnL e 14«K aetfVHfion 



Precipitate 



100,000 Ultrafiltration 



> 2 million daftons 




> 100,000 dalton$ 

(1.8% recovery) 
ECgj, = 200ng/mL 



> 2 million daltons 



Supernatant 

1 OQOngfmL = 4.3% activation 
lOngftnL^ activation 



Supernatant 



lOOOnst^nL ■ S9% actfvalxon 
10ne^Ti_= EJ5% aotva dun 



< 100,000 daltons 

lOOOngftriL ■» 039b aritartan 
1 0Onc/mL a 0.7% acfivation 
1 BngtmL a 0.8% acGVafion 



> 2 million daltons 





Material before ultrafiltration 
200uJ injection (imcj/mL) 



Material > 100,000 daltons 
100fd Injection (1mg/mL) 



V 



Material > 100,000 daltons 
after chloroform partition 
50jil injection (4mg/mL) 



Fig. 10, Flow chart showing protocol for 70% ethanol extraction at 40°C followed by direct 
80% ethanol precipitation (Example 9). 
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> 2 million daltons 
< — 




Pre-uttrafirtrate NP16847 Preparation 
150fil injection Omg/mL) 
Recovery ~ 10.9% 
ECqj value - 25ng/mL 



> 2 million dattons 
< 




Post-ultrafiltrate NP16847 Preparation 
150^tJ injection (1mg/mL) 
Recovery = 4.5% 
ECgo value = 20ng/mL 



Fig, 11. SEC HPLC analysis of pre- and post-ultrafiltrate NP16847 preparations using optimal 
extraction conditions of 50% ethanol/60°C (Example 24). 
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